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ABSTRACT 


Two indazole analogs, hycanthone and IA-4, both effective drugs 
against the disease schistosomiasis, have been tested for mutagenicity 
in the yeast Saccharomyces cerevistae. Hycanthone has been shown to 
induce reversions in the haploid strain, XV169-15A, for the mutant 
alleles, hts I-7, hom 3-I0, and lys I-I, which are > presumptive mis- 
sense mutation, frameshift mutation, and nonsense mutation, respectively. 
This mutagenic effect was observed whether time of exposure to the drug 
was the variable or the concentration of the drug was the variable. 

IA-4 was not found to be mutagenic in this system under the 
experimental conditions used, but was Seen, CO,be stoxrc sto! the yeast. 

Hycanthone was also shown to induce intragenic recombination and 
mitotic crossing-over in the diploid strain of yeast, X841. The 
mutagenicity and toxicity of hycanthone were enhanced by higher pH and 
by light. 

From this study, it is concluded that hycanthone is a general 


mutagen for Saccharomyces cerevistae. 


bay 


tba tamgietinn ut baseet wesd woud abit 
oF mile wed et sme d gL etna, 
ore ae vinta 


: elm set tqnntony «one Seti it in tae 2k mts 
7 rat 


» lay btasqeer pointes ehsipacer Sie, neatearen” 8 
BIA os o> avmAni Dy eos weil rm 


awhdnicsn, ahs wie Wurth td Va ieee at 
ahs toby Bape? 
eee, wie oe utes? ado? ips ere gud ideal Py 
haw mnt pandemic taper fil hed oli tii eal i 


eer tm om we whet 
he la Leaicome ss nba daresay 


4 ae 
vi Seat 


dal sen snr ‘la ee 78 hues’ tly a 
- | | eStats. She ircscevinef ra} 


plete 
ACKNOWLEDGEMENTS 


There are many people whom I would like to thank for helping me 
Wat research and the writing of this thesis; first of all, Dr. R.C. 
von (Borstel }iimy “supervisor, and the people in_his laboratory, all of 
whom contributed to its good working atmosphere. 

I would especially like to thank Dr. Siew Keen Quah for her 
constant advice, discussion and encouragement throughout the experimental 
and the ene Stages) Of the jthesis. . Also, Dr.. M.A. Russell contributed 
valuable discussion at many points. 

Two other people who have been especially helpful to me are Rita 
Schuller, who offered advice and discussion many times and also helped 
with the initial typing, and Robert Prokopetz, who scored my last experi- 
ment while I wrote and typed some of the rough draft of the thesis. 

I ‘would also like to thank Mrs. Kay Baert for her outstanding 


typing job on the final copy. 


a gtd OY i eRh tp | 
$k snly Ata ev ails ghee en 90 080 
the ik, pcrmaeretat elite lotereey lla. haw: 
ant ing? perpen ee 20 data at RAL, 
chiar se setae 
: iebnaieeien: NemnEA AF) ~ hat ‘itn ie | 


‘sshd inka tangpepicilaalicdalad mealies | 
sini bo et ht a a 

ee Re ee oe: — 

-aSeahibe oA ht ied Ga a Ate amo 

ssc etn rab tatt eA er bie 8 

? | biiiaatath 


0 


- )  & j 
i 
, + / 
~ 
> : 
, 
= ‘J 
% i 2 
a PP -~ iS f 
> 4 a i 
= eld " 
og an 1g 
Loe if 
4, he 
‘ 
a 
Wig 
ee ; 


5 
=. 


TABLE OF CONTENTS 


ABSTRACT . 
ACKNOWLEDGEMENTS 
LIST OF TABLES . 


LIST OF FIGURES 


INTRODUCTION . 
MATERIALS AND METHODS 
A. Materials 


Strains oO Veas te .- 


MG ditdieo mr esney ae ch tts ren Scant. ce) const eke 
Chemicalsr ger aoe re 6 is Ee: Gaktomeee ous Le 
BUtkkercs a peme ee eee teen Slowed vet tcuee 


Bawe ie Ci OUS ea cg vaalec gue ur seas Wacite tar ae nt aa Gultee Pee iicn Wek oo" G84 te!) es, 
Experimental Conditions .. 


General Experimental Procedure for 
Dose-Action Studies 


(Gein echleieniony 6 6 & 6 6 6 o 6 coc G 
RES Uo ear bers eee rae tee soe) fel py Aang as 


A. Mutagenicity and Toxicity of Hycanthone at 
pH 7.0 and pH 5.9 and of TA-4 at pH 5.9 


B. Mutagenicity and Toxicity of Hycanthone at 
Different Concentrations ; AL ee 


C. Relative Toxicity and Mutagenicity of Hycanthone 
at pH 7.0 Under Dark and Light Conditions 


D. Gamma-ray Toxicity and Mutagenicity on 
Strain XV169-15A . 


iv 


34 


59 


45 


, Ni es ; : 
: ne 7 
a 
+ - 
f 
ey 7 
ce ® 6 ’ @ « 


a er 
Mr Pe dh 

if ‘h 6 e 
id Na 
te a ; ’ 
"¥i diene 
Ct : 


a vet ected La Pome is ged, wear 
#4 > © ‘ei 4) & ba oe an y e.4 aa ie beth ~bn00- 


ve. Mh. in tant +e bier bak iehenieda. al 
7 2 FE ; oh PT. ae Ui¢ Aue 15 iusf to. With ae s oie 6.3 A 


nt 


=. li mijn Al “3g VP etaat de inbkteetetath a 
7 *@ ss ° ° o az “a ° e * e a wie) FE CZ Amd Suqve¥ iil 


. Pare ti ule ge beat witeten. 
ae re 1 filg (il Gites vai ota 6.7 hg 2a 


‘Di 9 ithaeaga it isiewt et ounad Ah 


“4 
7 J 
' 
ft 
a; 
- =) 


oe ‘i ' y ; : 
oe. re Fa0 EES Oley, ere f ee i 


A eae -e, ¥ ee ‘fpiesse | | i. 


Page 


E. Induction of Intragenic Recombination and 

Mitotic Crossing-over by Hycanthone and 
GaMmina=Taycuiny CNeUWAglOTANX OF ise ss eb 8) Glee 6 fo D2 
PceUScTONGME eM ean wa Wr iwie ew lee Mk hee, 16) 
BERETOGRADH Yaa hey Mes ERR le Wa Ge RAC Bite: ee ete SS Rit has 5 73 


Aegon Sel han cimate ore me PMC rly Sa le ae ke a ee FO 


Table 


10. 


1M, 


12; 


13, 


ETSt OR TABLES 


Mutagenicity and toxicity of hycanthone at 
WO RDEUS Sots to hos ve Peace eye eS 


Mutagenicity and toxicity of IA-4 at pH 5.9 


Action of hycanthone at pH 7.0 in three 
EXP ed WON CSM iren (eae erifejitaeal sais) Boecn tee ea ces ds. /3 6) 


Surviving fractions and reversion frequencies 
OTBVedSt si necONtrOl DULTETA PH 5.9) “iain ws aos sae 


Surviving fractions and reversion frequencies 
of yeast treated with hycanthone at pH 5.9 . 


Surviving fractions and reversion frequencies 
ofiyeast treated with IA-4 at pH 5;9 ... 5% 6. 


Surviving. fractions and reversion frequencies 
of yeast treated with buffer, pH 5.9, and 
hycanthone at final concentration of 0.125 
mg/ml and IA-4 at final concentration of 
0.5 mg/ml, and washed four times (Exp. I) pfu Sib 


Surviving fractions and reversion frequencies 
of yeast treated with buffer, pH 5.9, and 
hycanthone at final concentration of 0.126 
mg/ml and IA-4 at final concentration of 
0.5 mg/ml, and washed four times (Exp. II) 


Mutagenicity and toxicity of hycanthone at different 
concentrations, on yeast, after 8 hours of 
treatment e ° . e e . e e es e e e e e . e e e e e 


Mutagenicity and toxicity of hycanthone at different 
concentrations, on yeast, after 12 hours of 
treatment ° e e e e e e e ° e e e e ° . e e e e . e 


Mutagenicity and toxicity of hycanthone at a final 
concentration of 0.125 mg/ml under various 
CONdEETONS. OelTONt, (i see oe ce) oath 0a hs ene 6 sense 


Toxicity and mutagenicity of y-irradiation on 


KVIGU ee PSAL SMe ay nor ct elie bomen 6 aie!  ofiite) “ot ea pteu este vie 


Results of two experiments on survival, intragenic 
recombination and mitotic crossing-over as 
induced by various concentrations of hycanthone 
for 7 hours of treatment . 


vi 


18 


19 


26 


Sl 


52 


oo 


So 


36 


37 


38 


44 


49 


54 


f 
LA 


4 


vue ae wags aw aa wenn’ set ie be ; ae bed 


i ™ 
ee | 
30 4 = , 
“1 
. = y “ \ 
ee 
Ts a 


. Ts eae "a" ene rime rn OD ll 
E ;, Cs a oF a wad es Ti 7 ee, he 
‘ a A oe We ( ahs o) : ty a) 
i So ri : on co a ' S 1 oy - ‘ oa - 
7" " Pun _ : } x asl uy 
na are oo) i! P 
18 J ok Fn 
ee) foe 
ae a. : : : ’ i ae. 
i 7 ww - _ i 
, A as 7 : ie H ofan 
te au, , - a >a 
fi s> DB, 


Sees pans Se Ae Boat yee tate a 


a 4 “1 - ® ) (I ip} Lah Joe} iy mas, . 


. seo 2%. wiv inet 


=~ ee  & & -@ oe ‘¢ @'e « ; © Fuk 8s Oe is tC & is * (eg 1? 
| ec een ey re DY i) i AS) pies 
sean we ee agi ke. i is ete haa. i! 

| iy 


ik ; | 
sealed wie dah ay: pam ) 7 ii 


cy ie 


. aah prays na rede ivvay We eee ee | sania Pe bbs, r 
ae ie | 
<i 


7" i 
Sofas t voleiatsy. bit aeani dann? seins 
a ee Ct Ny te spel ieiet dary ‘Deeg? depay'ty NG 


: se Vamps? woLwaD vet hoe Sapet Vodny Bie 
L f 


ar gy 9-9 agp e - of, OTe ® - 

we 00 hg, creat Mela pase aN ? 
eS. Tn abpebtgabows legit ae rw 
Jo oo tiarW > Tg be L 


8 AL a 


Sei ad i 


Awake abs Cher a 


J : ath, ie shana Lat és toe ‘ivea 2 tS barge 
7 . oe"? © ea @ etl») os ee e14 a= V0 eis ' Mpniaers ' 
ms duit dyisiltisoateniaas ns kor aT ee. 
i SE bie te, Se a) ae 


a ae re ee 


tay Ape er sibaoe. a 


> spines hi whan eepad bin ytis kot 
Bisel ws Se a eae oe i: oa 


Table 


14. 


Survival, intragenic recombination, and mitotic 
crossing-over as induced by y-irradiation 


vil 


56 


Vili 
LIST OF FIGURES 


Figure Page 


1" Structure of lucanthone, hycanthone, and i 
Pe eee cMaEs rote ape eke 2 stow oR WM Cet ie ge Ake Sind ioe voli ety td « 


2 Survival of yeast after different hours of 
exposure to hycanthone at pH 7.0 and pH 5.9 
AVANT OaUN teatro SON Te hey torn be tic tres. sed 


5.  Reversron® frequenciées*ofshte 1=7 pyatter 
different hours of exposure to hycanthone 
Stpoligt Oferde phos One at Monae i eB un! Re 


4, Reversion frequencies of hom 3-10, after 
different hours of exposure to hycanthone 
SUD Om aneplt SA0on rc yucm eee Us) eee ley hk ree), > 


Sy Reversion frequencies of Zys I-1, after 
different hours of exposure to hycanthone 
at phe / ORANGE pit 5 Obes Ae MAbs MY. sich ciel <i4 se dich eche bes 24 


6. Survival of yeast after different hours of 
exposure to hycanthone, at pH 7.0, for 


BNECCACXDCTONCHUS om. ecm a gs oo ores wc Mo ose wel es 27 
7. Reversion frequencies of his 1-7, after 

different hours of exposure to hycanthone 

athpHa7.0,efori three: experiments 28 
8. Reversion frequencies of hom 3-10, after 

different hours of exposure to hycanthone ae 


atepla7i0,; ‘forgthreesexperimentsimn®. i. . .'°: 


9. Reversion frequencies of dys J-1, after 
different hours of exposure to hycanthone 
athpllensOenfonithreedexpemiments. . 2 5 04 s-.) 2 wes 80 


10. Survival of yeast after exposure to different 
concentrations of hycanthone for eight 
hourssandstwelivexhours, “leer tan. fakes =. « 40 

11. Reversion frequencies of hts 1-7, after 
treatment with different concentrations 
of hycanthone for eight hours and twelve 

Hote Gunn Sie ciao), cth's esau spe OR hg eas isla gee we eo a 41 

12. Reversion frequencies of hom 3-10, after 
treatment with different concentrations 
of hycanthone for eight hours and twelve 


Hours) eee ao erate eee ee lar ete Ve Mae ce 42 


1 . | ) bs a > TeTis ed om is Ze tiny 4 on 
es ] of 2 eater, jit? eRe ry rp aetna 
» a a, & PA ae “ i@2¢ @ vial =o ies need Rirod Ha <tr , 
sir 


= ie x“ 7 a Oke oe 


es & fesretess a! 884 Pe 2titn seeey tay er ny 


~~ * a. Mike Sigts wo} Shotgihayd bo =K0e Sethu 
. + ie i a a ee ec Ni tier poaey 


Tasixters inveaths Wieser?’ 
tatew ered aed Bax eey Ra) k 
ise 


ape 1S i « » «(-® ’ 


) A ee ae a wit f 
ys atone Et’ ‘febe cra oil : ie 
ape as x08 eS a, 
+ oe, cs a 


+ 


® ) $+. om % adteineug vx eens wa 7 


a 
wT hed 


aX 


Figure | Page 


13. Reversion frequencies of Zys 1-1, after 
treatment with different concentrations 
of hycanthone for eight hours and twelve 
NOGL Sees Ee. RT AT Rae Oe a chet ht eh et ae gt ahs 43 


14, Survival of yeast after different hours of 
exposure to hycanthone, pH 7.0, under 
Vareous TMC Nerne CONdLTELONS +. 4 SH Ne REE Et et et eee 46 


15% Reversion frequencies of its 1-7, after 
different hours of exposure to hycanthone, 
Dil? 305) UNder Various? tient IngsICOnaLe ONS 2 is as) 3 <2 eis 47 


16. Reversion frequencies of hom 3-i0, after 
different hours of exposure to hycanthone, 
pil 7-0. under, various lighting Jeonditions 2. 6 i Sea. 48 


AY Survival oi yeast after) wanma-irradiatiom 6. 6 6, suse 50 


18. Reversion frequencies of hts 1-7, hom 3-10, 
arid? iye)—) ater pamma=iarragtacions 6 666) eis sce oe | Od 


o.. Survival of X841 after treatment with 
different concentrations of hycanthone, 
TDMEWO HOMDET MUCH ESas bots lis rst Go ine teak ep SMe! “Bio Sy nc taie de lls 54 


20. Recombination frequencies of X841 after 
treatment with different concentrations 
GE hy canthone, im TWOveEXperiMments. <a i wo. oe Gee's 55 


Ze Survival of X841 after gamma-irradiation ........ oy 


PPA Recombination frequencies of X84] after 
Panna eradtatiOm, -. 6s 6 epee ws dips: Yee - 8 alta we oe ssn co,s 58 


25. Survival plotted against Effective Dose 
of hycanthone obtained from four 
GXPSTAMCIUS ol ty et ie a ye Lapis apd hc She: arerel we Ul'es ten) ei net lea le 64 


24, Reversion frequencies obtained from hts 1-7 
studies plotted against Effective Dose 
OE WV CANCNONG, os, 5 ie 1 cel tad vetistae ergs a) del list: Set lors ie 65 


Ay Reversion frequencies obtained from hom 3-10 
studies plotted against Effective Dose 
OEGMYV CAN CNOMG ee. cole ie teks Gatien hose, em eetem eo sles soa 66 


26. Reversion frequencies obtained from lys 1-1 
studies plotted against Effective Dose 
GR GHYGHIEMONG Svar ater va hs oe wade~ st wa ay. 2 0s) Pie sep eeeske * 67 


ca 


Th 


as 


OP . 


wes Re tae there <umns nade Siete tine 


. 


ean: 
vals 


tel Lpax Ta. wabotlainest 


: x | oi ie Pe Creitregiomee ~ Ag 


‘Shah oy pts iat coe fereayout 
Hie 4 lees 


ate Vw eo ee Od, ay ; . einen ae 

Val ib Gea? baxeetd> Dolson uy wall 
eT GAC UITD ietlem tyre be we ve Ait 
; a a vataniaor io "6 in 
var: 
perv. met? hem Lia * s3: eutadiitad ek a evil at, at: 
F ll ed ime bent et eettata. : 
arr: 7 viol ‘saeppeaneh to > voehve 
7 : 7 
Pig tee’ tap tae Subaay fans nate eval any: 
ee) ; > 475 aes oral a Palka ts | ; ban 
~ a 
oh Te a 
mn = oe 


Figure ; Bede 


27. Reversion frequencies plotted against survival: 
fixed concentration of hycanthone with time 


Ot texposere: variabl ene MunaneHeel Le Ail Ru. weet, dh e68 
2% Reversion frequencies plotted against survival: 
fixed time of exposure with concentration of 
MY CANENONE VALLADLEMSITS PN. IM alien Me fforive Varies Mer Lol Calo 69 
29% Reversion frequencies plotted against survival: 
71 


gamma-radiation e e e e e e e ° ° ° e e ° e e e e e e ° 


mi) 
“i > @ & os - 1 2 ar he ‘® 
» 
b ; ‘ A 
y . he x. as “ . 
‘Egwbnargs: mepiene Beatoky ge 
r = ant 
fs i ss + ef 1isie oy Te *, 
B | a. ~ : 
/ ; : > 
a : iy 
i i > A a 
i e 
‘ 7. ey re 
1 = 
‘ 4 
. 1 
i 
7 . ° i 
One is =, i 
o + 4 
i «, i ; 
- ® 
a ' 5 s “ 
x, 
5 
: } 1 F e 
i ; 
i v, Y 
\ 
. : , sa % 7 
a f 
t ad o 
ue 7 = 7 
= 7 ; , y i 
a 
: aa, ‘3 _ ‘ = | 
- . 
" a he \ = he 
si : 
~ x = a & \ 
' “a 
‘ q a 
% “= ae 
' 1 A 
t - Pe of vi 
{ f pi 
‘ - y i a * 
“ . 
= & ( i is 
+e 
2 oy wif 
iW 
“et ; 4 7 
oe ’ . * 
; , A et 
' f 4 5 : 
* 1 < 4 


INTRODUCTION 


Two compounds of related structure, which have been’ sent to our 
laboratory, have been tested for mutagenicity in the erie Gener 
cerevisiae. One of the chemicals, hycanthone, also called IA-2, has 
already been administered to more than 300,000 people in Africa and 
South America as a specific chemotherapeutic agent against the disease 
schistosomiasis. The other compound, called IA-4, has not as yet been 
used against the disease in other than laboratory animals. 

These drugs are only two out of approximately 250,000 which have 
already been used against the disease, most of them being metallic 
derivatives. But the need for chemotherapy is great as the disease 
incidence is now on the increase in the African and South American 
nations. The ideal drug to be used against the disease would pose no 
toxie. Mitagenic, carcinogenic, or teratogenic threats to the infected 


people (Elslager, 1970). 


The Disease: Schistosomiasis 

Schistosomiasis, also called bilharziasis, or snail fever, is a 
disease caused by infection from parasitic schistoscmatoid trematodes, 
These flatworms, which use snails as intermediate hosts and man and 
higher animals as final hosts, can have life spans as long as thirty 
years, and cause considerable damage to their hosts during that time. 
There are three species that infect humans: Sehtstosoma manson, 
Schistosoma japonicum, and Schistosoma hematobiun. 

Sehtetosoma mansoni is common in Africa, South America, and the 
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West Indies. Sehtstosoma japonicum is prevalent in Asia, and Sehtstosoma 
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hematobtum is common in Africa and in interior Asia. Cases have also 
been reported in New York, Chicago, Philadelphia, and other large cities 
among immigrants from tropical areas. 

The infection is started by entry of cercariae, which are 
free-swimming larvae, through the host's skin, if contacted externally, 
or through the lining of the throat and mouth if swallowed in drinking 
water. From the point of penetration they enter the bloodstream, travel 
to the lungs by way of the heart, sojourn for a time in the liver, and 
then move to the mesenteric veins for breeding. 

The manifestations of the disease vary from local tissue reactions 
to death. The disease usually doés not kill quickly, rather, it causes 
chronic ill health over a number of years in its victims. 

The migration of eggs from the worms through the tissue walls, to 
be released in the feces, leads to thetammetier oh necroses, and abscesses 
if the eggs become lodged in the mucosa. Hemorrhage and diarrhea are 
common results of egg penetration into the colon. In geographical areas 
where reinfection is common, repeated penetrations by the eggs leads to 
such extensive scar formation in the intestines and the bladder that the 
eggs must be transported to other organs. Wherever these eggs become 
lodged, there is inflammation and fibrosis. 

In cases of heavy infection, mature worms migrate to organs other 
than the colon, for example to the brain, oviducts, lungs, and gonads, 
causing pathological changes. Such severe cases usually cause death. 

With malaria and hookworm diseases being brought under control by 
insecticides, drugs, and public health measures, the World Health Organi- 


zation has turned its attention to the increasing number of cases of 
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schistosomiasis. Its aim is to control the disease through snail eradi- 
cation, environmental sanitation, and chemotherapy. The first real 
opportunity to practice modern experimental chemotherapy on the disease 
came in 1932 when researchers at the Bayer Elberfeld Laboratories 
perfected a technique for infecting small laboratory animals with S. 
mansont which in turn could be used for screening a large number of 


drugs. 


Iueanthone 

A number of related compounds were synthesized by the Bayer 
Elberfeld Laboratories and these were called Miracil A, B, C, and D. 
Of these, Miracil D appeared to be the most effective drug against 
schistosomiasis. Miracil D, also called lucanthone, is 1-8-diethylamino- 
4-methyl-thioxanthone hydrochloride. It is an odorless, bright yellow 
compound and has the structure shown in Figure 1. It was the first 
nonmetallic compound to be used against the disease (Blair, 1958). 

Despite its antischistosomal activity, lucanthone has strong side 
effects. In 1945, work done by Kigurth and Gonnce canons trated that 
rabbits, which apeh eter the drug well, had signs of degeneration of 
organs, especially the heart and kidneys. In cats, this effect was even 
more pronounced. Other laboratory animals proved to be intolerant to 
the drug because its use resulted in diarrhea and vomiting. Because of 
the harshness of schistosomiasis, test cases were done on infected people 
in some countries. In humans, the effectiveness of lucanthone varied; 
those who were able to complete a course of treatment were usually cured, 
but most victims were not able to complete the course of treatment 


because of the severity of the side effects, particularly those of a 
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Figure 1. Structures of lucanthone, hycanthone, and IA-4. 
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psychoneurologic nature. 

Besides the gross effects on the physiology of individuals, lucan- 
thone has been found to have some interesting effects at the molecular 
level. Weinstein (1965), using Bactllus subtilis, showed that 20 micro- 
grams per milliliter of lucanthone, by virtue of its binding with nucleic 
acids, blocked DNA-dependent RNA synthesis and RNA-dependent protein 
synthesis. Weinstein (1967) also showed that it was active in Escherichia 
colt as an inhibitor of growth and of RNA synthesis, and that it partially 
inhibited DNA and protein synthesis. The action of lucanthone was 
comparable to that of actinomycin D in that it inhibited growth by 
blocking DNA-directed RNA synthesis. Weinstein (1967) also showed that 
spermine, which antagonizes the action of proflavine and quinacrines, 
also interfered with the action of lucanthone. 

Bases (1969), using HeLa-S-3 cells, found that after a two-hour 
ereecnent with lucanthone at three milligrams per milliliter, RNA synthesis 
was depressed to 21 per cent and DNA synthesis to 27 per cent of their 
former levels, but protein synthesis was not inhibited. Although lucanthone 
was not as specific as actinomycin D, it was more advantageous in his 
experiments in that the action of lucanthone was reversible, and it was 
5000 times less potent in killing the cells. Bases (1970) also found 
that the HeLa cells which had been irradiated with 300 or 500 rad of 
X-rays lost viability more rapidly after exposure to the drug; apparently, 
lucanthone inhibits post-irradiation repair. 

Liiers (1955) had earlier shown that lucanthone causes chromosome 
breakage and induces recessive lethal mutations in Drosophila. U (1972) 


has also shown that lucanthone can induce loss of chromosomes in Drosophila 
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males both by itself and in conjunction with radiation. 

Because of the undesirable clinical side-effects, and because of 
the molecular lesions it induces, lucanthone came to be regarded as being 
of limited value for treatment of schistosomiasis. Also it was suspected 
that the chemotherapeutic effects of the drug were mediated through a 
therapeutically more active metabolite. It was found that the drug 
underwent extensive metabolic transformations in all species in which it 
was used, That is, the principal products found in the urine differed 
from species to species. In the mouse, it is a sulfone derivative, 
whereas in the monkey it is a sulfoxide. In man, it becomes a chemopep- 
tide (a sulfoxide plus a polypeptide), but none of these qualified as the 
active metabolite (Berberian et al., 1967). 

Aspergtllus sclerotorium converts lucanthone into a mixture of new 
substances whose structures were established by chemical and spectroscopic 
methods. The major product was a hydroxymethyl compound which had the 
characteristic of being extremely sensitive to acid (Rossi et al., 1965, 
1967). This compound was named hycanthone, which is 1-{[2- Miethylamino) 
ethyl] amino}-4- (hydroxymethyl)-thioxanthen-9-one monomethane sulfonate. 

When the urinary products of mice and monkeys, which had been given 
lucanthone, were again examined, this time without acid treatment, hycan- 
thone was indeed found to be the major breakdown product of lucanthone. 
Furthermore, it was shown to be biologically more active than lucanthone 
(Rossi et al., 1967). That is, hycanthone is three times more active than 
lucanthone against schistosomiasis in mice and eight times more active 


against schistosomiasis in hamsters. 


Hyeanthone 


Preliminary tests were performed in Africa and Brazil with hycanthone 
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on victims of schistosomiasis (Katz et al., 1968). Individuals were given 
tablets orally and it was found that there was a satisfactory regression 
of clinical symptoms relevant to schistosome infection. It took three or 
four weeks before 80 per cent of the patients were cured. The only side 
effects were those associated with gastrointestinal disorders, i.e., 
nausea, vomiting, anorexia, and headaches. The dangerous psychoneuro- 
logical side-effects noticed after lucanthone treatment were not seen 
after administration of hycanthone. Intramuscular injections were also 
initiated and it was found that a single injection gave more than 90 per 
cent cure without appreciable side-effects. Compared to lucanthone, there 
is a good clinical tolerance for hycanthone. 

1. Phystologteal actton of hyeanthone. Hernandez et al. (1971), 
using tritiated hycanthone, reported that the patterns of absorption and 
distribution of hycanthone in tissues and organs is similar in rats and 
Peres ths peak being at 30 minutes after intramuscular injection. 

There is almost complete absorption away from the site of injection by 72 
hours. Thin layer chromatography and scanning of radioactive material 
showed that unchanged hycanthone is usually found in tissues and blood. 

After eee of the drug, the flatworms move from the mesenteric 
vein to the liver within 24 hours (Yarinsky et al., 1970). The worms 
appear to be able to concentrate large amounts of the drug, so it has been 
concluded that the toxicity of hycanthone for adult schistosomes may be 
attributable to the action of the unchanged drug, and not of a metabolized 
product of hycanthone. Olivier (1969) reported that the worms appear to 
accumulate hycanthone in the gut; he reported that a single intramuscular 


injection of hycanthone is as effective as a five-day oral regimen of 
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hycanthone. 

Recently a multidisciplinary group of people met, under the 
auspices of the World Health Organization, to review the use of the 
drug hycanthone and they concluded that, since hycanthone was expected 
to be used on children and ane adults, it should be tested for its 
potential mutagenic activity. This group also concluded that many other 
drugs which appear to be effective against schistosomiasis should also 
be tested for mutagenicity. One of these is IA-4: 8-chloro-2-[2- 
(diethylamino) ethy1]-2H[1]benzothiopyrano[4 ,3,2-cd]-indazole-5-methanol 
monomethananesulfonate. 

2. Mutagentetty of hycanthone. In order to know whether hycanthone 
was mutagenic in mammalian cells, Clive et al. (1972) used a genetic system 
of L5178 Y mouse lymphoma cells, and looked for forward mutations at the 
thymidine kinase (TK) locus in heterozygous mutant cells, TK/tk, as a 
function of hycanthone concentration. This group carried out two experi- 
ments on two independent cultures; the results showed that hycanthone- 
treated cultures had increased frequencies of mutant cells which were 
induced approximately proportionally to the concentration of hycanthone. 
Further, the elevation of mutant frequency induced by 10°" M hycanthone 
was equal to approximately 10°? M ethyl methanesulfonate or 120 rads of 
X-rays administered under identical conditions. 

Hartman et aZ. (1971) chose 13 mutants of the histidine operon in 
Salmonella typhimurium to use in a spot test which was employed to screen 
£or mutagenicity of hycanthone and lucanthone. They tested two salts of 
hycanthone, the monomethanesulfonate salt and the furoate, as well as 


lucanthone. The two hycanthone compounds were found to behave identically 
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in their system. In tests with five representative frameshift mutants, 
hycanthone was effective in inducing reversions; lucanthone was not. 
These five mutants also reverted after exposure to ICR-191 and three of 
them reverted after exposure to nitrosoguanidine. Any other strains that 
had failed to revert after exposure to ICR-191 also did not revert after 
hycanthone treatment. 

In the phage T4, growing in strain K12 of Escherichia colt, 
hycanthone increased the reversion frequency for two ICR-19l-revertible 
frameshift mutations in the rII region. ‘Lucanthone was also found to be 
a mutagen in this test system. 

Hartman et al. (1973), using their Salmonella and T4 phage systems 
again, found that the number of mutations induced by hycanthone is propor- 
tional to dose over a 250-fold range. As a minimal estimation, they 
stated that one mutation is induced for each microgram of hycanthone added 
to an the plate, and that only two hours of exposure to the drug is 
necessary to induce and fix the reversion. Upon retesting the two compounds 
with 28 other spontaneous, revertible frameshift strains, or missense 
strains of Salmonella, they did not find lucanthone to be mutagenic. They 
verified that hycanthone would induce frameshift mutations only. However, 
both compounds inhibit the growth of Salmonella and to the same extent. 
Again, hycanthone and lucanthone are both mutagenic in T4. 

Hartman et al. also found that IA-4 is approximately ten per cent 
as mutagenic as hycanthone for a very sensitive frameshift mutant. 

Brusick cnureiees (1972) used a plate-test method, which involved 
placing a mutagen-saturated filter-paper disk on agar plates previously 


plated with mutant strains of microorganisms. He observed the revertants 
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appearing around the disks, and compared the procaryote, Salmonella 
typhimurium, and the eucaryote, Saccharomyces cerevisiae, in their rever- 
Sion patterns of the mutants. Among other compounds, hycanthone was 
tested with this system. His experiments indicated that hycanthone was 
not mutagenic Si yeast. Under the conditions of his experiments, 
hycanthone induced neither base substitution mutations nor frameshift 
mutations, but it was mutagenic in Salmonella for frameshift mutations 


only. 


Purpose of Study 

Since Brusick's plate-test method is qualitative only, as he 
admits himself, it is obvious that a more quantitative system should be 
MSseanco. test, the ne of hycanthone in yeast. Further, Dr. Ernest 
Bueding and Dr. F.J. de Serres (personal communications) suggested that 
pH may be a critical factor in hycanthone mutagenesis. Since pH was not 
stringently controlled in the plate-test method of Brusick, the mutagenic 
- action of hycanthone was tested in yeast at pH 7.0 and was found to be 
mutagenic on all markers tested. Hycanthone was also tested at pH 5.9. 
so that it could be compared to the action of 1A-4, which does not 
dissolve above pH 6.0. Also an experiment was done to establish if there 
is a differential mutagenic activity of hycanthone under different 


conditions of light. 
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MATERIALS AND METHODS 


A. Materials 


IkprStratns» of Yeast 

The two following strains of the yeast Saecharomyces cerevisiae 
were selected for the mutagenesis testing. 

(a) XV169-15A is a haploid strain of yeast constructed by R.C. von 
Borstel, which has the following genotype: 

a trps-48 arg4-17 lysl-1 ade2-1 hom3-10 hisl-7. 
Four of the markers (trp5-48, arg4-I17, lysl-1, and ade2-1) are suppres- 
sible mutants of the ochre variety (Hawthorne, 1969). Reversions of these 
individually are a result of a base substitution at the locus itself; 
reversions in two or more of these at one time are the result of a change 
in a tRNA molecule, which causes a "super-suppression.'"' The change in 
the tRNA molecule can be either due to a base substitution or an addition 
or deletion of a base (Magni et al., 1966). 

The mutant kisi-7 was isolated by Hurst and Fogel (1964). It is 
osmotically remedial (Hawthorne and Friis, 1964), does not have an enhanced 
reversion rate during meiosis (Fogel and Hurst, unpublished data), and its 
revertant colonies are heterogenous: i.e. their growth rates vary, and 
some of the revertants are often associated with feeder colonies. For 
these reasons hisI-7 is believed to be a missense mutant. 

The hom3-10 mutant was isolated by Magni (1969). Because its rever- 
sion rate during meiosis is 27.5 times higher than during mitosis, Magni 
believes it to be a frameshift mutation. 

(b) X841 is a diploid strain, obtained from R.K. Mortimer, and was devel- 


oped as a hybrid between two related haploid strains, Its genotype 1S; 


a hiss-2 trpI-i i + arg4-1 + the met + tys ie 
a htsd-2 iepi-1 ade2 peti + arg4-2 + + ura + leul. 
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a and a represent complementary mating type alleles. The symbols 
his, trp, ade, arg, thr, met, ura, lys, and leu indicate the inability to 
grow in the absence of histidine, tryptophane, adenine, arginine, threonine, 
methionine, uracil, lysine, and leucine, respectively. Of principal 
interest for our study was the arg¢ locus, because it is allelic for arg4-1 
and arg4-2 and its reversion frequency would be a measure of intragenic 
recombination. Among colonies arising on complete medium from the treated 
X841 cells are some showing segregation for the ade2 locus. This marker, 
when homozygous or hemizygous, results in formation of red pigment. 
Sectored red/white and whole red colonies arise mostly from induced mitotic 
crossing-over between ade2 and the centromere. A small proportion of the 


variant colonies would also result from gene conversion or haploidization. 


2. Media 

YEPD: a complex medium used for routine growth of cultures and 
for viability assays; 1% Difco yeast Extract, 2% Bacto-peptone, 2% dextrose, 
2% pact Olaparh 

Minimal Medium plus Vitamins (MV): 0.67% yeast nitrogen base 
without amino acids; 2% glucose, 2% sugar. 

Mortimer Complete Medium (MC): the minimal medium plus vitamins 
supplemented with the following amino acids in the given quantities: 
adenine, arginine, lysine, histidine, tyrosine, methionine, tryptophan, 
uracil, all at a concentration of 20 mg/litre; serine at 375 mg/litre; 
leucine at 30 mg/litre; and threonine at 350 mg/litre (von Borstel et al., 
1971.) 5 | 

Reversion from prototrophy to auxotrophy was measured by using 


omission medium, which is MC lacking one of the supplements; so that the 
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notations -lys, -his, -thr, -arg represent MC lacking lysine, MC lacking 


histidine, MC lacking threonine, and MC lacking arginine, respectively. 


3. Chemicals 

The hycanthone monomethanesulfonate was a gift from Dr. S. Archer 
of the Winthrop-Sterling Pharmaceutical Company. Some hycanthone had 
previously been supplied by Dr. E. Bueding of Johns Hopkins University, 
when he had also sent a small sample of IA-4. Further amounts of IA-4 
were supplied by Dr. E.F. Elslager of Parke, Davis and Company, Ann Arbor, 
Michigan. 

Hycanthone was found to readily dissolve at all pH's lower than 
pH8 where it began to precipitate. IA-4 precipitated at pH6.1 and there- 
fore was used at a pH5.9. 

Generally the hycanthone solutions were made up at a concentration 
of 1 mg/ml, for all dose-action studies which were done using time of 
exposure to the drug as the variable. 

When the concentration of the hycanthone was the variable, a 
solution of hycanthone at pH7.0 was made at a concentration of 16 mg/ml. 
This was diluted serially by half, six times, so that the final concentra- 
tions of the hycanthone solutions were 16 mg/ml, 8 mg/ml, 4 mg/ml, 

2 mg/ml, 1 mg/ml, 0.5mg/m1, 0.25 mg/ml. IA-4 solution was initially made 


a concentration of 2.0 mg/ml, and subsequently at 4.0 mg/ml. 


4. Buffers 


Phosphate buffers were made according to the methods outlined in 
Methods in Enzymology, Volume I, using 0.2M monobasic solution of 


potassium phosphate, and 0.2M solution of dibasic potassium phosphate. 
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For pH 5.9, 90.0 ml of the monobasic solution was added to 10.0 ml of 
the dibasic solution and diluted to 200 ml. For the pH 7.0 buffer, 
39.0 ml of the monobasic solution was added to 61.0 ml of the dibasic 
solution and diluted to 200 ml. 

If any adjustment was needed, it was done using the two phosphate 
solutions and not with acid or alkali. 

Standard Lab Buffer is a 1/15 M solution of monobasic potassium 
phosphate. Its pH is approximately 4.7 and it is used for washing cell 


suspensions after treatment with the two compounds being tested. 


B. Methods 


1. Experimental Conditions 

Because of the similarity of the structure of the hycanthone and 
the IA-4 to acridines, i.e. a three ring planar structure, any possible 
photodynamic effects were avoided by performance of the experiments in 
eeboned lighting. For time-variation dose-action studies, the treated 
samples of yeast were kept in a dark cupboard and samples were removed 
when needed. For concentration-variation dose-action studies, the 
experiment was set up in subdued lighting, and kept in the aforementioned 
dark cupboard for the total time of treatment. All plating was done in 


dim light and all plates were incubated at 26.0 + 0.5 degrees in the dark. 


A study was made of the effect of light on the hycanthone-treated 
yeast. The bright light source was a New Brunswick Scientific incubator- 
shaker equipped with fluorescent lights having an energy of 1500 lux. 
Simultaneously, an experiment was done in continuous room lighting, and 


in the dark conditions described above. 
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All experiments were done at room temperature, which was approxi- 


mately 26 degrees. 


2. General Experimental Procedures for Dose-Action Studies 

For dose-action Studies, either with fixed drug concentration and 
variable time of exposure, or with fixed time of exposure and variable 
concentration, the methods used were generally the same. 

The yeast cells were grown for three days on solid YEPD, i.e. 
until stationary phase, and were then scraped from the plates with sterile 
wooden spatulas, and suspended in sterile water. The concentration of 
the cells was adjusted to approximately 1 x 109 cells per ml. The 
suspension was left overnight under refrigeration, and recounted immediately 
Petore use. Any final adjustments in cell number were made at that time. 

Of the cell suspension, 0.875ml was added to a series of test-tubes 
each containing 0.125 ml of the hycanthone solution, the IA-4 solution, 
or buffer at the appropriate pH, so that each test-tube constituted one 
sample. 

When time of exposure of the yeast cells to the compound in question 
was over, 9.0 ml of cold 1/15M buffer was added to those samples to be 
plated. This was vortexed to ensure mixing of the cells and the buffer, 
ne level of the buffer at the bottom of the meniscus was marked on the 
test-tubes and they were spun down at 5,000 rpm in an IEC centrifuge in 
head number 269, for 20 minutes. 

The solution was decanted out of the test-tubes and the yeast cells 
were washed a second time by adding the 1/15 M buffer up to the marked 
levels on the test-tubes, and were centrifuged a second time, for 20 minutes. 


The solutions were decanted and the level of buffer was again brought up 
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to the marks on the test-tubes, i.e. 10 mls. 

A dilution series was done on each sample and 0.5 ml of a dilution 
of 10° was plated on each of four plates Of YEPD, The undiluted eatentes 
were plated, 0.5.ml on each of four plates of -lys, -his, -thr, for strain 
XV169-15A. A 100-fold dilution was plated on four pilates of ~arg for X841. 

The dilution of 10° gave the survival data. For all dose-action 
Studies, four replicates were plated of every kind of media needed for 
reversion and survival data, so that all colony counts presented in the 
tables are a sum from four plates; i.e. per two ml. 

This was the general procedure for all dose-action studies on both 
strains; any special conditions will be mentioned in conjunction with the 


individual experiments. 


3, Gamma-Radiation 


60 cobalt source (AECC) at a rate 


The irradiation was done using a 
of 4.1 Krad per minute. For all experiments eight plates of media were 
used. For the strain XV169-15A, the cell suspension was adjusted to a 
concentration of 1 x 108 cells per ml and was irradiated after plating on 
YEPD at a dilution of 10° for survival, and at 0 dilution for reversion 
on zlys, -his, -thr. 

For X841, the cell suspension was also adjusted to 1 x 10° cells 


per ml, and was irradiated after plating on YEPD at a dilution of 10° 


for survival, and at a dilution of 10% for the prototrophy on -arg. 
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RESULTS 


All tables presented in Results are summarized computations of 
frequencies. The corresponding colony counts may be found in the 
Appendix under the corresponding table number, e.g. the actual colony 
counts from which Table 1 was calculated are given in Table Al in the 


Appendix. 


A. Mutagenicity and Toxicity of Hycanthone at pH 7.0 and pH 5.9 and 

of IA-4 at pH 5.9 
(us The mutagenicity of hycanthone was bestecet pH 7.0 because 
preliminary tests had shown that this is the pH at which the chemical is 
most active mutagenically. IA-4 does not dissolve above pH 6.0, therefore 
experiments using this compound were conducted at pH 5.9 and a comparable 
study was performed using hycanthone as a control at pliciae. lhe; nesults 
are summarized in Tables 1 and 2. The actual colony counts are included 
in Tables Al and A2 (see Appendix). 

The yeast cells were treated at a final concentration of 0.125 
mg/ml of hycanthone or of 0.25 mg/ml of IA-4, and samples were taken at 
the timed intervals indicated in column 1. A new parameter, ED, is also 
given in the table. It is the effective dose, being defined as the 
product of treatment time in hours multiplied by the dose in mg/ml. The 
fraction surviving is calculated as the percentage of the 0 time reading 
of the buffer controls. The reversion frequencies for hisI-7, lysl-l, 
and homs-10 are expressed as revertants per survivor. All values shown 
have been corrected for the spontaneous mutations in the background by 


subtraction of the values found for the controls. 


aE 


pts give i stab ied tonto sfhnkod st gietio she a 
she ot teat ol id ee nol aig a oft a r 

van c. 

yrekoe iMadae oil? ae examin, etait ining a aly 


oly ng. OF atiie? ab ahi oun ste loadeaalae f ae We ht 
ey ee i rf 


ie ©.4. 4) one ‘: ‘ tr iT cath 10 @ishat bie es 


cr <i 

eanreanye OT lie 3a savin Laie 1 io 4, 
teasing at: did pe thy. oid, gt? ahs “ant file fad 2 
ee me Ce paiement 
5 aes = torte ays Neg. ae netvitkimo are Bunivion ee ald 
eiGchupe get a Pa le 7 Lata x 4 spinnin wate 9 . 


netarine 4 tee Maeys abe Lhidoe at” a the i me) 
. | | | Auliasgircn “dj Po da 


Eo? & te ad (STiag@iae teas n. le best wars aygn lhe east at 


‘ 
® 


;<. cs ity 3 


v ne 


We Weer toa Wetipens Bits b0S Wo. rai go 40 ee ‘ator repadtit So Nee 


i a ey 
ae = Pere OC ne . : i 
te oe a | gan e ra barterre " as - ae it i645 ne PTET sliyrban: wel 


o 


aes hot Hast BAY! 2906 er) ioarta ade: aa 1 oan oe nt 
‘ ? - es i Tut ; ( ts 
ali 1a \gn a! saab «ff? y amt it ; On “ts ae Mt 91) frat 26 
ee act filed he Meta vdntinn SAS dy Wha tistas’ os aay . is . 
7 ) in’ oe ‘ ny ‘ » - .s me z , ; a: va 
sf es - 7, 7 “iat vel: — Tet oveT GIN stoi Linnell oa +e 4 
5 a 
j West en — CTA 1 any a aii re4 t*néetroevenw os "Se aeexsS sts Ni Rint bana hy 
b= mi 
” i 


o. , ioiaee welt Hd 20a t Jeger Rilerstactrin 3 ety ol Lasuarees evo wai 
Uy 7 


desis wes SOY Sune ton lLopete ae oe 
: | | i 


t sy 5 : aa 
; rs ft ; . ‘ 
Ve = 7 - 
» >». i oad = bn yy ae se a f a = 


18 


°9X0] UT pouTyep ‘esop SATIIOFFO = °C°ds 


i 


L ae MG Sao Gage 6°6 S2ee 6 6S 
EE On cee v°9oV f° 62 Sé. 0 vs 
L OS i ell O°<SV Sas: OSS, 82 
i 08°T LC GizY. 9°0S Giz ce 
S 9G Gal 2 Sl Vase SC9S aL Sel 
T vecO vv 60°9 L°98 00°T 8 
0 T2350 Viet ie Z°08 SC9550 a 7 
T S0°0 T0°0 5 6°68 0 0 Ome 
ve 06°? Le oom vss Seal 6S 
al ZG 32 953% E89 SG ve 
9 Est cag VCC 1.6 Ose 8c 
9 D381 OFY. SECC si EZ SLaC CC 
[ Iv°0 v'? SO=S v°08 SZ9S°T Siac 
0 vt"0 ao! SO 6°£8 Qik 8 
c aE 0 2 67 °0 Tas ac9S .0 Sav 
T S0°0 gs a S°86 0 0. 6°S 
(g0T x) (,0T x) (,0T X) C90T X) ([O12.U09 (*9u05 (sinoy) 
snoo[ [-T shiz © [-T.$i7-1et07 OT-g woy Z-T $2y FO %) X OWT?) SUT J, Hd 
TeATAINS ees | quoulz eel], 


so Touenber4 UOTSLOASY 


S,Hd om} 3e ouUOYQUeDAY FO AYTOTXO} pue ARTOTUSBeINW “TL AIAVL 


a p.1 o iT 
& e - G 
=, 
aes 


—& OS Sie > + 6 ast ~ Se oe = = 


i) 


*TOLZUOD UbY SSOT SOPBOTPUT ,,-,, 


= zg COSL 2 T1209 SLYEL 6S 
T ° Oe i 0°89 SC ay vs 
- - - = - os's 8z 
= a = ¥ S509 Sec CE 
= = = vt° Case $29S. J Seo 
= = e z 0°08 00°T 8 
= = = = = Sc9S <0 VV 
T > = ‘S c°18 0 | 0 
(g0T x) (501 x) (,0T X) (,0T X) ( [O13U09 (°Su0D ( sanoy) 
snoot [-7 sAz. [-1 sfz_ [e303 QI-g woy Z-T_Ss1y JO %) xX SUT) OUT J 
sotouonberty UOTSLOADY TeBATAINS Pvalsic! qUSW}e OT J, 


6°S Hd 2e p-VI FO AZTOTXOZ pue AZTOTUSSeINW *Z ATAVL 


20 


The toxicity of hycanthone at two different pH's and of IA-4 is 
shown in Figure 2. it can be seen that hycanthone is more toxic to the 
yeast at pH 7.0 than at pH 5.9, whereas IA-4 is less toxic than hycanthone 
under the given conditions. 

The mutagenicity of hycanthone at pH 7.0 and pH 5.9 for navereions 
at the hisl-7 locus are shown in Figure 3. The rate of reversion of 
hisl-? at these two pH's, as shown by the parallel slopes of the lines, 
appears to be approximately the same; the overall mutation frequency at 
any given time of exposure at pH 7.0 is about twice that found at pH 5.9. 
The reversion patterns for homs-10 after treatment with hycanthone at pH 
7.0 and pH 5.9 are shown in Figure 4. Again the reversion rates are about 
the same for the two pH's, but the frequency of revertants at a given 
concentration is two to three times greater at pH 7.0 than at pH 5.9, 

The Zysi-1 reversion patterns for hycanthone at pH 7.0 and pH 5.9 
are shown ie Figure 5. This graph reveals that there is no differential 
ct eae eres of hycanthone on lZysi-1 at pH 7.0 and ple 5..9:., The data 
plotted for the lysi-1 are the sum of mutations induced at the supersup- 
pressors and at the ZysI-1 locus. The frequencies of reversions of 
locus itself are shown in the last column of the tables. It can be seen 
that the reversions at the locus increase with increasing exposure to 
hycanthone, at pH 7.0 and at pH 5.9. 

In all the figures, it can be seen that the slopes of the lines 
for Zysl-1 and hom3-10 reversions are approximately one, whereas the slope 
of hisl-7 reversion is approximately two. 

Table 2 shows that IA-4 is not mutagenic for any of the markers 


used and under the given experimental conditions. 
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Figure 2. 


Survival of yeast after different hours of exposure to 
hycanthone at pH 7.0 and pH 5.9 and to IA-4 at pH 5.9. 
@ Hycanthone pH 7.0 
© Hycanthone pH 5.9 


O IA+4 pH 5.9 
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Figure 3. 


Reversion frequencies of hts 1-7, after different hours 
of exposure to hycanthone at pH 7.0 and pH 5.9. 
© Hycanthone pH 7.0 


@ Hycanthone pH 5.9 
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Figure 4. 


Reversion frequencies of hom 8-10, after different hours 
of exposure to hycanthone, at pH 7.0 and pH 5.9. 
© Hycanthone pH 7.0 


@ Hycanthone pH 5.9 
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Figure 5. 


Reversion frequencies of lys 1-1, after different hours 
of exposure to hycanthone, at pH 7.0 and pH 5.9. 
© Hycanthone pH 7.0 


@ Hycanthone pH 5.9 ° 
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bi The treatment of the yeast with {oe tae at pH 7.0 was repeated 
to verify the results obtained in the first experiment. 

The results of the three experiments are presented in Table 3. 
The data from all three experiments are plotted gba ahanentane in Figures 
6, 7, 8, and 9. . It can be seen that the results of hycanthone toxicity 
and mutagenicity at pH 7.0 are generally reproducible. The mutation 
frequency of hisI-7 again gives a slope of approximately two. The mutation 
frequency reaches a maximum at about 30 hours of exposure, after which it 
declines. 

The reversion frequency of hom3-10 again demonstrates a slope of 
one, and it too reaches a peak, at about 25 hours, and then declines. 
Lysl-I demonstrates a slope of one, but does not decline as do the 


two other markers after 25 to 30 hours of exposure. 


WEES Since IA-4 was not found to be mutagenic in yeast at the concen- 
tration of 0.250 mg/ml at pH 5.9, the IA-4 therefore was increased to a 
finak concentration of 0.5 mg/ml. Thevyeast cells#were treated at this 
concentration at pH 5.9, and a parallel experiment was run with hycanthone 
at a. final concentration of 0.3125 me/mingat pil 5.9.. The results: are 
presented in Tables 4, 5, and 6. The control values have not been sub- 
tracted from the reversion frequencies obtained in the treated samples as 
even at this four-fold increase in IA-4 concentration compared with 
hycanthone, there is no increase in mutation frequency above the background 
level, 

However, at this increased concentration, IA-4 appears to be 


very toxic to the yeast. Only 57.26.08 yeast 
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Treatment Survival Reversion Frequencies 
Time % of his 1-7 hom 3-10 total lys I-I 
Experiment (Hours ) control) C105) (x 107) (x 10°) 
I 0 108.2 - ee = 
7 100.4 7.84 5.18. 3.60 
18 53.9 37.14 15.74 8.70 
24 48.2 34.81 UV AY) 9.04 
21 38.8 55,01 13322 9.06 
30 SL.2 44.88 13. 74 11.04 
55 2555 54.46 LS AE 24.13 
SD eds) DOOD 16.96 28.64 
Il 102 050355 Orne - 
Ae TOS; 2 1.86 1,24 0.92 
1G. O07 10.41 4.74 SiG 
18 so 14,83 SO 8.62 
20 Saal 20.86 6.46 - 
23 57138 25.24 11.84 - 
2550 40.7 IBV 22002 - 
SOs 2501 SO 18.54 ~ 
Si On5 12.24 10758 - 
1 0 104.5 - 0. 36 0.66 
12 10052 Urge! Sa oh, 3.90 
18 84.3 ZL 18 Sy as 6.49 
22 oO 28.02 TAR 8.34 
24 SAgS 29.48 11.08 9.54 
48 24.9 15,19 5.59 8.04 
66 14.7 21.04 6.29 Pap Pe sii) 
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Figure 6, 


Survival of yeast after different hours of exposure to 
hycanthone, at pH 7.0, for three experiments. 
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Reversion frequencies of hts i-7, after different hours 
of-exposure to hycanthone at pH 770, for three 
experiments. 
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Figure 8. 


Reversion frequencies of hom 5-10, after different\ hours 
of exposure to hycanthone at pl 7.0, for three 
experiments. 
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Figure 9. 


Reversion frequencies of dys 1-1, after different hours 
ofexposure to hycanthene at pl 7.0, for three 
experiments. 
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TABLE 4. Surviving fractions and reversion frequencies of yeast 


in ‘control buffer ph’ 579 


Treatment Survival Reversion Frequencies 
Time % of --hts 1-7 hom 8-10 total flys I-i tye I-I locus 
(Hours ) control) (x 10°) (x 107) (x 10°) (x 108) 
0 100 NE Pz) 0.27 0.80 Zeid 
8 100 Dawa 0.20 0.89 0 
16 oo30 1.41] 0.41 0.80 150 
2on0 97.4 Teog 0.14 0785 1.40 
DoS 83.4 1.69 O55 P06 0 
46 100 25 0.64 0.85 0 
60 92.4 1.54 0.44 0.96 0 
a 90.6 1.41 0.60 Ono Teo0 
112 95.0 158 0.36 One 0 
161 89.8 1.08 0.23 0.81 0 
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TABLE 5. Surviving fractions and reversion frequencies of yeast 


treated with hycanthone at pH 5.9 


Treatment Survival Reversion Frequencies 
Time (% of its = eens = OME Ot ani ele LimenlySed ale locus. 
(Hours ) control) (x 10°) (x 107) (x 10°) (x 108) 
0 108.4 i aaliy) 0.5) O77 0 
8 98.4 Ze Sh b. 45 0.96 0 
16 957.9 4.81 2.20 0.94 e135 
25.5 73.4 Deze 2. a. TEBE, 213 
55.5 56.2 14.52 6.06 b.58 4,85 
46 425 27.69 9.00 2,04 14,47 
60 37.6 23.56 4.53 pe) 14.49 
pal 21.8 25.34 5.63 2.93% 21.88 
EZ 10.2 36.14 6.00 4.27 6.67 
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TABLE 6. Surviving fractions and reversion frequencies of yeast 


treated with TA4 atop 3.9 


Treatment Survival Reversion Frequencies 
Time eof hisail? hom 3-10 total tyes 1-1 Uys I-21 locus 
(Hours ) control ) (x 10°) (x 10%) (x 108) (x 108) 
0 SPet 1.43 OnT2 0.22 0 
8 46.4 1.28 OR Zo. OVES 0 
16 54.9 1.54 OF 25 OnaZ 0 
Zoeo 3540 1.34 OS 7. OF12 0 
55.5 33.4 0.88 0.61 0.18 2.04 
46 22.1 te 09S 0.62 OF22 0 
60 2132 1.28 0.64 0.06 0 
71 2295 AptS 0.30 OP12 6.06 
112 15.4 1.42 0 Oe27 0 
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survive at the 0 time treatment with IA-4; nevertheless the IA-4 does 


not induce reversions in any of the three loci tested. 


IV. To determine if the very toxic effect of IA-4 observed in the 
last experiment could be attributed to this compound not being properly 
washed out of the cells so that it continued to act on the yeast, even 
after plating, the experiment was repeated, using IA-4 again at 0.5 mg/ml 
final concentration. This time the yeast cells were washed four times, 
instead of twice, after the treatment. 

The experiment was done twice. The results are given in Tables 
7 and 8. Control values are not subtracted from the IA-4 and the 
hycanthone data. It can be seen that, even with the cells being washed 
four times, IA-4 is still very toxic to the yeast at 0.5 mg/ml. The 
toxicity is the same as after having washed the cells twice. On the other 
hand, hycanthone at pH 5.9 consistently induces reversions) at all three 


loci studied, but IA-4 does not. 


B. Mutagenicity and Toxicity of Hycanthone at Different Concentrations 
Tables 9 and 10 show the effects of hycanthone used at varying 
concentrations at two different time intervals. 
The hycanthone was dissolved in pH 7.0 at a concentration of 
16 mg/ml and diluted serially by half as described in the MATERIALS and 
METHODS section. 0.125 ml of each solution was used to treat the yeast 
cells. The final concentration used is indicated in the first column of 
each table. From this, the effective dose, ED, is calculated as mentioned 
earlier, by multiplying the dose in mg/ml by the time in hours of exposure 


of the yeast to hycanthone. 
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TABLE 7. Surviving fractions and reversion frequencies of yeast 
treated with buffer, pH 5.9, and hycanthone at final 
concentration of 0.125 mg/ml and IA4 at final concen- 


tration. of 0.5 mg/ml, and washed four times. (Exp. I) 


Treatment Survival Reversion Frequencies 

Time (% of hts I[-7 hom 3-10 lys I-1 

(Hours ) control (x 108) (x 107) (x 108) 

Buffer 0 100 Too 0.44 Os 
Se 12 106.9 lies 0.25 0.79 
24 106.5 1503 0.66 0.97 

48 104.9 0.91 0.34 0.67 

66 96.59 T..9 One! On71 

Hycanthone 0 1035.9 a 1.41 0.34 0.89 
peer 12 92.7 5.11 1.81 ‘eal 
24 91.6 13315 Sass) 14 

48 31.8 33.96 9.42 PY) 

66 F220 43.02 25.00 ESS 
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TABLE 8. Surviving fractions and reversion frequencies of yeast 
treated with buffer, pH 5.9, and hycanthone at final 
concentration of 0.125 mg/ml and IA4 at final concen- 
tration of 0.5 mg/ml, and washed four times, (Exp. II) 

Treatment Survival Reversion Frequencies 
Time % of hts I-7 hom 3-10 lys I-1 
(Hours ) control) (x 106) (1.107) (x 106) 
Buffer 0 100 1.04 OG 73 RRR 
Ee ea 9.5 96.8 0.87 0.43 2.68 
24 100.9 0.88 0.83 2.50 
CEES, 100.7 0.84 0.42 OF 
54 . 95:32 0.95 0.55 2.60 
7S 100.0 OF9Z 0.42 2,09 
Hycanthone 0 98.5 0.84 O275 2.42 
Ee 9.5 100.7 2.14 2s 2.63 
24 84.4 7.98 2.86 Zoo 
3555 64.6 24.68 6.82 4.03 
54 32,5 30.00 15. 76 4,34 
73 Sar 22016 9.60 5.04 
—TA4 0 56.5 0.83 O37 Ons 
Pe 9.5 38.3 0.74 0.54 0.06 
24 22.9 0.96 0.46 0.05 
3365 220 1.38 0 0.05 
54 TELS 0236 0 0 
73 oe | L260 0 0 
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TABLE 9. Mutagenicity and toxicity of hycanthone at different 


concentrations on yeast, after 8 hours of treatment 


Survival Reversion Frequencies ae 
Hycanthone E.D. % of hts 1-I hom 3-10 total lys 1-1 Jlys I-1 locus 
mg/ml control) (x 108) (x 107) (x 10°) (x 108) 
0 0 100 0 0 0 0 
0.031 248 100 0.36 0 s . 
0.062 496. 90.1 ieot 0.57 0.38 1.93 
0.125 1.0 89.6 4.02 224 On21 2.88 
0.250 2.0 93.5 6.30 Sait 0.34 0.95 
0.5 4.0 65.1 10.34 570 0.50 Le Dal 
1.0 8.0 Aaa 10.20 3.09 s 3.00 
2.0 16.0 27 4.49 5n28 3.00 
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TABLE 10. Mutagenicity and toxicity of hycanthone at different 


concentrations, on yeast, after 12 hours of treatment 


a 


Hycenthone “E.D.5,,Survival.|) sh. Reversion Frequencies WA. 
mg/ml % of his 1-1 hom 6-10 total lys i-1 tys 1-1 locus 
control) (x 10°) (x 107) (x 108) (x 108) 

0 0 100 0 0 0 0 
0.031 0.372 98.4 O.od 0.08 02.29 0 
0.062 0.744 Sis, 22,10 0.70 0.20 0 
0.125 1.500 82.0 on22 Salt 0.60 Dae The) 
0.250 3.00 70.6 oo 6.48 0.63 1.69 
0.50 6.00 Do a 1770 O72 O55 5.07 
1.00 12.00 Ae 5.55 6.70 0.20 1,24 
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The surviving fractions of yeast cells after exioaunes of 8 hours 
and 12 hours are shown in Figure 10. As would be expected, the longer 
treatment time enhances the killing rate of hycanthone. | 

fa waves 11, 12, and 13 show the mutagenic effect of hycanthone on 
the htsl-7, the hom3-10, and the lysl-J markers respectively. The overall 
frequencies for the three markers are higher at 12 hours of exposure than 
at, 6 hours of exposure. It can also be séen that the mutation frequencies 
for hisI-7 and hom3-10 increase with eres of hycanthone concentrations. 
However, this is not the case for Zysi-1. At the two different exposure 
times used, the mutation frequency of Zysi-~l1, over the range of concentra- 
tions used, does not increase significantly above the background reversion, 
which is mpaceatad by the "spontaneous" line. The reversion frequencies 
for htsi-7 and hom3-10 each maximize at 0.5 neva tEor both 6 hour and, 12 


hour treatments. 


C. Relative Toxicity and Mutagenicity of Hycanthone at pH 7.0 Under Dark 
and Light Conditions 

Since hycanthone has a three ring planar structure, similar to that 
of acridines, which are known to show photodynamic action in the light, 
hycanthone was tested in three different lighting conditions, dark, room 
light and bright light and the results are given in Table 11. 

For the dark experiment, except for plating which was done under dim 
light, the experiment was kept in the dark and plates were incubated in the 
dark. <A parallel experiment was done in continuous room lighting (the 
light energy was not measured), and a third experiment was performed under 
the bright fluorescent lights with energy of 750 lux of incident exposure. 


Only reversion frequencies for hisl-7 and hom3-j0 are given inecne 


tables. The Zysi-J data are not given here but can be found in the 
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Figure 10. 


Survival of yeast after exposure to different concentrations 
of hycanthone for eight hours and twelve hours. 
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Brgure 11. 


Reversion Prrnenctes of hts 1-7, after treatment with 
different concentrations of hycanthone for eight hours 
and twelve hours. 
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Figure 12. 


Reversion frequencies of hom 3-10, after treatment with 
different concentrations of hycanthone for eight hours 
and twelve hours. 
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Figure: 13. 


Reversion frequencies of Zys J-1, after treatment with 
different concentrations of hycanthone for eight hours 
and twelve hours. 
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Appendix, Table All. This is because lys]-] had an ee iy, high 
background reversion frequency in this set of experiments. 

Figure 14 shows that the survival of the yeast, Sicamereored en 
hycanthone, is affected by the daenciie conditions, The killing is 
greatest when the light is strongest, and least in the dark. Light also 
enhances the reversion frequencies for htsi-7 and hom3-10. Figure 15 
shows the hisI-7 reversion frequency for the eres different lighting 
conditions. There is: about ‘a 1.5 times enhancement of reversion frequency 
in room light compared to that in the dark. meee asra further 12>. times 
enhancement from room lighting to bright lighting; i.e. there is a total 
of about three-fold increase for hisl-7 reversions in bright light compared 
to that in the dark. 

Figure 16 shows the hom3--J0 reversion pattern under the different 
light conditions. It is noted in this figure that hom3-10 reversions 
continued to increase in the bright light, whereas in room light and in 
the dark the reversion begins to decline after 22 hours of exposure to 
hycanthone. This differs from hitsi-7 reversion, where under all light 
conditions, a peak is reached at about 30 hours, after which the reversion 


frequency declines. 


D. Gamma-Ray Lethality and Mutagenicity on Strain XV169-15A 

In Perse calibrate the mutagenicity of hycanthone to that of a 
known physical mutagen the action of hycanthone was compared to that of 
gamma-rays. 

Table 12 gives the survival and the reversion frequencies of the 
three markers studied, after irradiation with the dose indicated. The 


data is presented graphically in Figures 17 and 18. 
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Figure 14. 


Survival of yeast after different hours of exposure to 


hycanthone, pH 7.0, under various lighting conditions. 


© hycanthone under dark conditions 
@ hycanthone under room lighting conditions 


[0 hycanthone under bright lighting conditions 
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Figure 15. 


Reversion frequencies of hts 1-7 after different hours 
of exposure to hycanthone, pH 7.0, under various 
lighting conditions. 

© hycanthone under dark conditions 

@ hycanthone under room lighting conditions 


O) hycanthone under bright lighting conditions 
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Figure 16. 


Reversion frequencies of hom 3-10 after different hours 
of exposure to hycanthone, pH 7.0, under various 
lighting conditions. 

© hycanthone under dark conditions 

@ hycanthone under room lighting conditions 


(1) hycanthone under bright lighting conditions 
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TABLE 12. Lethality and mutagenicity of y-irradiation on 


XV169-15A 
Survival Reversion Frequencies 

Dose % of his 1-7 hom 3-10  tys I-I total Lys 1-7 locus 

(Krad) control) 40°) (x 107) (xano?) (x 108) 
0 100 0 0 0 0 

4.1 54.4 10.13 3.40 0.81 26.93 
S.2 200 18.62 4.41 0.95 52,04 
16.4 7.4 j 29.60 12S 2.45 GLe72 
24.6 S50 55.20 22.06 20 1OS229 
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Bagure 17 < 


Survival of yeast after gamma-irradiation. 


SURVIVING FRACTION 
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leila b ger Ihel 


Reversion frequencies of his 1-7, hom 3-10, and lys 1-1 
after gamma-irradiation. 

O htsl-7 

© lys1-1 

@ hom3-10 


1054 


” ° 
So ro) 


—_ 


YOAIAYNS Yad SINVLYSA34 


10-7 


100 


10 


(Krad) 


DOSE 


i x ae Soe.” 
5 
{ ae 
pate 
c ’ 
< 4 , 
: 
’ ‘ £ 
‘ine ae ; Se See ae Fe “4 9, 
3 r ‘ ; ; 
bs 
| 
~~ 
; 
i 
i 
i 


a) rn 


; (hard) “32200 age Sl a ae 


- u . : < Mee Sie on x 
lh 6 e a! ‘ Ane: ® ax a 
% : ; , 


The rates of reversions for all three markers are about the same, 
as is shown by the parallel nature of the slopes of the lines for the 
markers. The slope of each line is about one. | 

This differs from the action of hycanthone for the htsI-7 locus, 


where a slope of two is observed. 


E. Induction of Intragenic Recombination and Mitotic Crossing-Over 
by Hycanthone and Gamma-Rays in the Diploid X84] 

The strain of yeast, X841, was treated with varying concentrations 
of hycanthone at pH 7.0 for seven hours, and scored for survival and 
reversion to arginine independence. | 

The arginine independent cells can occur by two mechanisms: 

(1) intragenic recombination between the arg,-, and the arg,» alleles, 

or (2) by reversion of the mutation at either of the mutant alleles. Both 
mechanisms are known to take place. Since the second event is rare 
compared to the frequency of the intragenic recombinational event, all 
arginine-independent colonies scored were taken to be recombinants. 

Two experiments were done, treating the cells with hycanthone at 
the final concentrations shown in Table 13. The survival data and the 
recombination data for both experiments are presented also. Figures 
19 and 20 show the graphs for this data. 

For comparison, a gamma-ray experiment was done on the cells. The 
survival and recombination values are given in Table 14 and illustrated 
in Figures 21 and 22. 

By comparison of the survival and the induction of prototrophs 
by gamma-rays and hycanthone, it appears that gamma-rays are much more 


efficient than hycanthone, i.e. gamma-rays kili less, but induce more 
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TABLE 13. Results of two experiments on survival, intragenic recombination 
and mitotic crossing-over as induced by various concentrations 


of hycanthone for seven hours of treatment 


A No 


Experiment Hycanthone Survival arg 4 Frequency of xed 
(mg/ml ) % Of Ay se as colonies and 
er! Tee Tae control) CxO) sectors (x 103) 


I 0 100 0 0 
0.031 96.5 0 1.00 
0.062 93.0 0.19 0.31 
0.125 96.5 0.65 1.00 
0.250 85.4 2.05 8.43 
0.50 84.0 2.86 8.64 
1.00 58.8 3.44 9.91 
2.00 32.0 3.49 8.76 
II 0 100 0 : 0 
0.031 100 0 0288 
0.062 100 0.37 2.64 
0.125 Love 0.59 7.34 
0.250 94.0 1278 6.62 
0.50 8720 3.08 10.25 
1.00 (ee 3.35 15.01 
2.00 10.4 3.43 18.93 
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Fagunvesgio. 


Survival of X841 after treatment with different 
concentrations of hycanthone, in two experiments. 
@ Experiment I 


O Experiment II 


SURVIVING FRACTION 
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Figure 20. 


Recombination frequencies of X841 after treatment with 
different concentrations of hycanthone, in two 
experiments. 

@ Experiment I 


© Experiment II 
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TABLE 14. Survival, intragenic recombination, and mitotic 


crossing-over as induced by y-irradiation 


Survival arg 4 Frequency of red 

Dose % of prototrophs colonies and 
(Krad) control) (x 10°) sectors (x 109) 

0 100 0 0 

4.1 9o.0 2eA2 15.41 

Bez 310.6 Cie) 21.86 

16.4 68.6 O76Z San 
24.6 52.9 Jie Oo 48.69 


52.8 59.0 Tie37 A5.95 
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Survival of X841 after gamma-irradiation. 
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Figure 22. 


Recombination frequencies of X841 after gamma-irradiation. 
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mutations. A mutation frequency of approximately 7.85 x 10 * is obtained 
at 52.9 percent survival with gamma-rays, whereas a frequency of 3.4 x 
10°* is obtained at 58.8 percent survival with hycanthone treatment for 


seven hours. 


The strain X841, being diploid, was suspected of being unstable; 
eee) it could undergo sporulation if left in buffer or water. The cell 
suspension, once made, was used immediately and was not left overnight 
in the refrigerator as was done for the haploid strain. The cells were 
examined microscopically for the presence of asci before and after the 
eat 

To test the genotype of the recombinants, a random sample of 52 
arginine recombinants was picked from plates from each dose of either 
hycanthone or gamma-rays, and was replica-plated onto the following media: 
-his, -trp, -ade, -arg, -thr, YEPG, -met, -ura, -lys, -leu, and MC. 

Those colonies that were arginine recombinants would have the 


following growth pattern: 


Media Growth Pattern 
-his - 
~trp z 
YEPG + 
-arg + 
-thr + 
~met + 
-ura + 
-lys + 
~leu + 


Those that had formed spores might fail to grow on any of -ura, -lys, 
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-thr, -met, or -leu, or on any combination of these. Failure to grow on 
just one of them was taken as an indication that sporulation had occurred 
and that these were haploid cells. 

ere colonies were found but there was not an increase in their 
numbers with dose or with time of treatment so that roughly the same 
number of haploid colonies occurred at each dose; the range of occurrence 
was from 2% to 10%. Therefore, it was concluded that sporulation was not 
induced by either hycanthone or by gamma-rays. The number of arginine 
recombinants due to meiosis was considered negligible. 

Avturther anteresting characteristic of thesstraingis .the presence 
of the ade2 gene, on fragment 1. If mitotic crossing-over were induced 
between the gene and the centromere, red colonies or sectored red and 
white colonies would appear on the YEPD plates. These aberrant colonies 
were counted and their frequency of occurrence calculated. This data is 
presented in the last column of Tables 13 and 14. With an increasing dose 
of either hycanthone or gamma-irradiation there is an increase in mitotic 


crossing-over. 


he) 7 
(2 Min 
oj 
! 
4 ay 
j 2 
uf 3} 
7 LJ 
= 
ba 
4 
Me 
i 
\ 


hee 
hott 


; 


y 


rity 
se 


ry 
rt 
os. 
mes Db 
<A 
‘s\ 
ty yy 
oe | 


” 


emi: vm mort 460 shins, ante no “ilies 8 
seris vila Atal 1 0 “ae nets, te 


diutondy wae ei Pe Ae oak az’ “% a, 


a vr 
oF RO zi ota: int ita Wii os 1 kona 


7 
ae | af ' thie >y 
am | 


i 


le 


a iolqia it onl 3 
er geal mut attew aetentas. bauluiee 


2 Arte wo\aeeb’ ure ; 
f : an. he 
ypl ue a }é ; SS estates bank Nog 


Jai 


TA at Tiperes aa 


= 


et eth y wi 410 enilsamo ya «ni ip 


byvarl, | eifus a4 iW zlagiph Ax Sots es 
! 

3 gitetonnees oe pases sian A 
79% 


a Aue tig ‘anag 


' 


a ¥ 


are 


OS Me sy ann ees sae 
2a7bha (ar eH hy ‘rym Diiy : 


nee ut aa capris ehh haw & 
2 vl dit :o ageakes yak st oe 


aL 7 


os "4 i 


" 


i 
F ie 
Vy ¢ 1) 
‘ j 
, J 
pe 
= : vats 
t = 7 U “y 
= ad 
e — wa 
. & ‘ ~ 7 
D a a 
ht > om - 
i? ics 2! 
> 9 
4 “@ 
/ _, 7 : = Fy ° ff 
so, aa - 
we : 


61 
DISCUSSION 


The structure of hycanthone is a three planar one, similar to 
the structure of acridines. Brenner et al. (1961) postulated that 
acridines act as mutagens because they cause insertions or deletions 
of base pairs; i.e., acridines are bound to DNA by sliding between 
adjacent pairs, forcing them 6.8A apart instead of 3.4A. If this happens, 
they suggest that it can lead to the addition or the deletion of a base 
pair during replication. 

Intercalation models for the binding of drugs to DNA require the 
uncoiling of the double helix. Such uncoiling in closed DNA results in, 
first, the removal and, with further intercalation, the reversal of the 
supercoils. These can be detected by changes in the sedimentation 
coefficient of the circular DNA (Waring, 1970a@). Waring looked at the 
effects of 17 substances on the S59 of 0X174 RF DNA. Using ethidium 
bromide as a standard, he showed that an equivalence between supercoils 
and accumulated drug-induced uncoiling of the helix occurred at a binding 
ratio, Vos of 0.04 + 0.008 ethidium bromide molecules bound per nucleotide. 

Different values of v, were found when different drugs were used, 
including hycanthone. Based on an unwinding angle of 12° for ethidium 
bromide, which is the minimum uncoiling needed to accommodate a planar 
aromatic ring between the stacked base pairs, the unwinding angle was 
calculated for hycanthone and was found to be less than 12°. Waring 
(1970b) attributes this discrepancy to the fact that a certain proportion 
of the "bound" drug stays in a non-intercalative state, and that there is 
an equilibrium between the outside bound drug and the intercalated drug. 


The structure of ICR-170 is 2-methoxy-6-chloro-9- {3-[ethyl-2- 
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chloroethyl] aminopropylamino) acridine dihydrochloride; i.e., it is an 
acridine nucleus plus a monofunctional nitrogen mustard (Brockman, 1964). 
It has a dual action in that it causes both frameshift mutations and base 
changes (Auerbach and Kilbey, 1971). From Waring's evidence and from the 
fact that hycanthone has a structure similar to ICR-170, it could be 
expected that hycanthone would cause both frameshift mutations and base 
substitutions. Within the boundary conditions of the test system that 
has been used, it has been shown that this is the case. 

When hycanthone is used at pH 7.0 and pH 5.9, it is found that the 

difference in pH does not affect the rate of the production of mutations; 
however, the overall reversion frequencies for all markers are about two 
times higher at pH 7.0 than at pH 5.9. Two possible explanations are: 
1) that hycanthone is very sensitive to acid (Rossi et nie 1965), such 
that it is slightly inactivated at the lower pH and is, therefore, less 
efficient ;' or 2) that the yeast cells are less receptive to the drug at 
the lower pH. 

Hycanthone is more mutagenic when treatment of the cells is carried 
out in bright lighting conditions than in the dark. The enhancement is 
noticeable even in room lighting. A more pronounced photodynamic effect 
is seen for hom3-10, a reputed frameshift mutant. 

Two types of dose-action studies were done with hycanthone; one 
was at fixed concentration of 0.125 mg/ml of hycanthone over various 
ranges of times of exposure; the other was at a fixed time of exposure 
to hycanthone which was administered at different concentrations. To 
compare these results, a new parameter was defined. It was cabledethe 


"effective dose," and was calculated by multiplying the time of exposure 
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by the concentration of hycanthone used. The survival fraction of yeast 
is plotted against ED and is shown in Figure 23. For the sake of 
comparison, the data from 12 hours of exposure and from 8 hours of expo- 
sure were pooled here, as well as in Figure 27. As can be seen, longer 
exposure to low dose of hycanthone is more toxic to the yeast than the 
shorter, fixed time of exposure at increasing concentrations. 

Figures 24, 25, and 26 show, respectively, the reversion frequencies 
for hisi-7, hom3-10, and lysI-1, plotted against ED. From these, it can 
be seen that for mutation induction, again a longer exposure to low dose 
of hycanthone is more effective than shorter fixed exposure to increasing 
concentrations of the drug. It is worth pointing out that the production 
of mutations is directly correlated with lethality. The effect of 
non-reciprocity of time and concentrations has been observed before 
(Nécasek, 1966), but an explanation for Hic phenomenon has not been 
presented as yet. From these data, it appears that a longer exposure 
time is necessary for the effective action of hycanthone; whether this 
is due to the drug itself or to the physiology of the yeast cells is not 
known. 

In order to draw some conclusions about the relative mutagenicity 
of hycanthone in the two types of dose-action studies, and gamma irradi- 
ation, the reversion frequencies of hisl-7, homs-10, and lysiI-I were 
plotted against survival. 

Figure 27 shows the reversion frequencies for the three markers, 
in four experiments with hycanthone at pH 7.0, where concentration was 
fixed and the time of exposure was varied. Figure 28 shows the reversion 


frequencies for the three markers, after treatment with hycanthone for a 
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Figure 23. Survival plotted against Effective Dose of hycanthone 


obtained from four experiments. 


© 
0 


long exposure time at 0.125 mg/ml of hycanthone 


8 hours of exposure to. increasing concentrations 
of hycanthone 


12 hours of exposure to increasing concentrations 
of hycanthone 


(% of control ) 


SURVIVORS 


5 
EEFEGIIVEs DO@sE 


10 


(mg hours/ml ) 


fod AaviToRAw 


meen ial benbarse tlhe’ pitireersa.’ 
an ba ene fant sa0h snag. barrqha ’ 
Lean anal x este ee 


NS 


ea 


y 


65 


Figure 24, 


Reversion prowuenciee obtained from htsl-7 studies 
plotted against Effective Dose of hycanthone. 

© after long exposure time to fixed concentration 
A 12 hours of exposure, concentration varied 


@® 8 hours of exposure, concentration varied 
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Figure 25, 


Reversion frequencies obtained from hom3-10 studies 
plotted against Effective Dose of hycanthone. 

OQ after long exposure time to fixed concentration 
A 12 hours of exposure, concentration varied 


@ 8 hours of exposure, concentration varied 
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Rigure26, 


Reversion frequencies obtained from Zysl-1 studies 
plotted against Effective Dose of hycanthone. 

© after long exposure time to fixed concentration 
4 12 hours of exposure, concentration varied 


@ 8 hours of exposure, concentration varied 
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Paouner Jin 


Reversion frequencies plotted against survival: 


concentration of hycanthone with time of exposure 


variable. 
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Figure 28, Reversion frequencies plotted against survival: fixed 


time of exposure with concentration of hycanthone varied. 
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fixed time, but with varying concentrations, at pH 7.0. Figure 29 shows 

the gamma-radiation-induced reversion frequencies for the three markers. 
Arbitrarily, the reversion frequencies of each marker were 

compared at 50% survival. At 50% survival, at different times of expo- 


sure to a constant concentration of hycanthone, the reversion frequencies 


5 6 


of the markers are: hisl=-7, 3.1 x 10 ~; hom3-i0, 1.4 x 10°; lysil-J, 


1.1 x 107°. When the time of exposure is constant, but the drug concen- 

tration is varied, at 50% survival the reversion frequency of htsl-7 is 

1.5 x 10°; of hom3-10 is 0.76 x 10°°; and of LysI-I is 0.37 x 10°°. 
After exposure to gamma-rays, the 50% survival reversion frequen- 


6 


Pi home- 10 -MeSwac10e Gand tysi-7 . 038-2710" > 


cies are hisi-7, 1.3 x 10 
Provisional conclusions can be drawn from these frequencies. 

First, the relative mutation spectrum of the three markers is the 
same, whether time or concentration is ee in the hycanthone experi- 
ments. Second, after a long exposure to a fixed concentration, the 
reversion frequency for each marker is approximately twice that obtained 
after fixed exposure to increasing poreeteeton Third, qualitatively 
the mutation spectrum of the three markers is the same for gamma-rays and 
for hycanthone. Fourth, quantitatively, hycanthone in general appears 
to be as efficient as gamma-rays for induction of mutations. 

The results from the haploid strain of yeast XV169-15A show that 
hycanthone induces the reversions of the htsl-7, homs-10, and lysil-I 
markers, which are believed to be a missense mutation, a frameshift 
mutation, and a nonsense mutation, respectively. The experiments with 
the diploid X841 show that hycanthone induces crossing-over and intragenic 


recombination, both of which would indicate chromosome breakage. 


i eke: F | : 

“ie 6S wei ..7 Hy- yay terse 

A Pret Senile ate vet so Roao HR, acbepavegh 
aoe yo) te%tun foe e 40 tumotepe x3 LTO ane 

SqRe So Shalis VWeesot ee i , Sie vere bot Bh, | prenenc awh 

shangumart nogeraver sity sean, oi pay bi) 0 Een 4 i 

, . i a 

taut. ocONs 8d Ohta 7 atle aae (SALGaM ‘ena 3 THO: - re 

; Sige 

| i eee ots We gabe wal ‘e. ee 

2) “=laot 20 soceiyoets soperavek ‘alt Desivies ote 4% fit ah 


: Wa REG 2b 40-3G bre eT 0h: n ah So # ote ea 


=i 
ie 
4 
a 
= 
oh 
= 


{EDN bce beer Sea. Far 


bo iby no seal meet “oma 0 ey 
‘> St Grade Serals ets ty In tte one ween si nat Kati 


~ eben sister any, it ipudesy vt epthazeiome *9 pore 
“als me? tet hilipad? berih x aera pert Aor, in st iat 
enh iy ity A Bes vy hop. oo wathies ay: valves foie ot ‘moni tet 7 
‘eo adie ad : vee _oaphsbinleoabh eitvisfont oz unre) oo ‘ 


bas arena gy! YOF see bods ai sada) osqitt , ait ae. unaaeqe soln > 


[ 


e ere tamed “2 soitrans ef tol ita eauep arent onpdtao 


“fe 1.3 eth 
a) 


ne 


; J éestineaign y mi Eahad, xe oe ai as reba PY zs od ‘ar 


5 
~ 


a 


: i’ os wise, Aer Gate “yuaay 40 nies wink gait’ pitt ont ‘antuees baubles 


. 
ae 


_ Saki ‘nan Mito. arr wih> to pinteaowee ‘ads ‘sou ne 
7 ace 2 mihi 1tuseeia's af ot wee wae Ai 


Ao 


Wu ' 
ai 
oe a" 


Pow 


ry 


ips 


Figure 29. Reversion frequencies plotted against survival: 
gamma-radiation. 
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On the contrary, IA-4 was not found to be mutagenic in the system 
used, at pH 5.9. There could be any number of explanations for this. The 
fact that IA-4 is toxic at a concentration of 0.5 mg/ml, but not mutagenic, 
perhaps could indicate that the compound is acting at the cell surface to 
kill the cell but is not being taken into the cell so that it is not 
reacting with the DNA. 

In conclusion, hycanthone acts on the yeast Saccharomyces cerevisiae 


as a general mutagen. 
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TABLE Al (a). Survival of yeast after different hours of exposure to 


hycanthone and IA-4 


a ne ee 


en eye 


Treatment ne _Colony Counts Seah eae 
Time H,0: Buiter’) “Bits ex IA-4 Hycanthone  Hycanthone 
(Hours ) Dito .9 > pif, 01s piao. 9 Deo co pH 7.0 

0 1257 id il 1226 1021 1238 1130 

4.5 1216 1205 1086 -- 1095 1008 
—68 1046 1020 1109 1005 1054 1090 
12.5 1146 1235 1072 1071 1011 Ay, 
22 1196 1108 1152 874 899 636 
28 1248 1101 1204 -- 1170 472 
34 1073 1146 9 851 856 367 
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TABLE Al (b) Colony counts for revertants after different hours of 
exposure to water, phosphate buffers, pH BLO and Pi he U's 


hycanthone at pH 5.9 and pH 7.0, and JA-4 at pH ye, 


Condition Treatment ao Colony COMME So a ate | 
Time (hrs) YEPD -his -thr -lys locus 
Ue ae Ze Be ps eae 
Water 0 1257 210. 10 84 S 
4.5 1216 206 3 65 1 
8 1046 176 5 72 4 
1.5 1146 (oor, © 46 56 2 
22 1196 206 6 75 1 
28 1248 228 12 ail 3 
34 1073 206 5 90 i 
59 1145 178 84 0 
Buffer at 0 iL OB 224 A ae 0 
TE 4.5 1205 226 10 68 2 
8 1020 160 4 Ty 2 
12.5 128 166 6 73 1 
2 1108 a2 8 62 1 
28 1101 196 5 66 2 
34 1146 200 7 Ti 1 
59 1078 184 3 75 1 
Buffer at 0 1226 254 1 74 0 
aE’ 4.5 1087 206 2 66 1 
8 1109 224 7 86 3 
12.5 1072 202 7 47 1 
22 1152 224 3 68 3 
28 1204 205 8 98 1 
34 1119 200 7 75 1 
59 1029 192 9 7 1 
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TABLE Al (b) (Cont'd) 


ee ca A OL LE AL AE TARE 


Condition Treatment . __ Colony Counts a 
Time (hrs) YEPD -his -thr -lys 

TA-4 at 0 1021 190 0 35 
prs .9 45 on ‘ss ve ip 
8 1005 104 2 is 

L216: 1071 160 4 Zk 

22 874 122 g 18 

28 ne = ne ae 

34 851 116 6 14 

59 756 124 10 7 

Hycanthone 0 i eieys: 218 4 86 
eae? 45 1094 260 9 78 
8 1054 382 18 78 

P20 1011 650 29 104 

Ze 899 2210 48 Palla 

28 ee oie, OOK: 68 ShS 

34 856 3460* 63 281 

59. 482 3050. 62 Zit 

Hycanthone 0 1130 194 1 V5 
ie 4.5 1008 Hy ON: 93 
8 1090 884 54 104 

i BARS) 947 1630 VD Loe 

a2 636 2890* §1 bol 

28 472 21 50% TL 110 

34 367 Ve 70" 47 oS 

oS 125 448 8 44 
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TABLE Al (c) Reversion frequencies (x 10°) for hisi-7 revertants 


induced by hycanthone and IA-4 after different hours 


of exposure 


imeacment.,._HoO0..... Buifer....Butfer 
Time sole ewes ery 6) a reo) 
(Vours } 
0 eG Zi? 7 UE! 
4.5 be ote) 1.88 EA8o 
8 1.68 Toy, 2.02 
AS 1.66 oS 1.88 
a Lire 2.00 1.94 
28 1.83 78 LR TAS, 
34 ee Leer es UPA, 
5g T.56 wat od 


TA-4 Hycanthone 


relebpbeyers) DHeS 22 
Too) Lea 6 
-- Zao 
1.04 5,02 
1,49 6.43 
Loo 24.6 
-- 24.2 
W BOKS) 40.4 
1.64 G3..9 


Hycanthone 
pH 7.0 
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TABLE Al (d) Reversion frequencies (x 10’) for hom3-10 revertants 


induced by hycanthone and IA-4 after different hours 


of exposure 


Treatment H.0 Buffer Buffer 
Time pH 5.9 «pH 7.0 
(Hours ) 

0.80 0.63 0.08 

1 We) O25 0-835 0.18 

8 On D7 Gauso 0.63 

LZ. O52 0.47 0.65 
22 050 70872 0.26 
28 0.96 0.45 0.66 
34 0.47 0.61 Ui aes 
59 0.61 OuZs 0.88 


IA-4 Hycanthone 


pi Seo pH 5.9 
0 0.32 
-~ 0.82 
0.20 oh 
0.37 Zuo 
0.34 Deo 
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Wes 13 


Hycanthone 
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TABLE Al (e) Reversion frequencies (x 106) for Zysl-1 revertants 
induced by hycanthone and IA-4 after different hours 


of exposure 


oe 


Treatment HO Buffer Buffer TA-4 Hycanthone Hycanthone 


Time . ‘Tpl-Si9>) pH 7.0 \L/pH-5.9 pH 5.9 pH 7.0 
(Hours ) 

0 O567 0.65 0.60 0.34 0.70 0265 

4.5 0253 0.56 0.61 -- 0.71 592 

8 0.69 Os: 0.78 0.13 0.74 0.95 
12.5 0.49 0.59 0.44 0.20 1.0 Loy 
22 0.65 0.56 0.59 Oro 2.4 2.4 
28 0.62 0.56 0.81 -- ork 225 
34 0.84 0.67 0.67 Ou Se 245 
59 O25 0.0/0 0.67 0.09 5... 0 SyS 
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TABLE Al (f) Locus reversion frequencies (x 108) for Zysl-1 revertants 


induced by hycanthone and IA-4 after different hours of 


exposure 
Treatment HbO Buffer Buffer IA-4 Hycanthone  Hycanthone 
Time Dio. 9) Oop 7.0 gaps. 32 Dp oo pH 7.0 
(Hours ) ore diets 
4 0 0 il 1 ii 
4.5 Ms 2 1 -- 4 1 
4 2 3 1 2 4 
125 2 1 1 1 2 6 
22 1 i! 3 1 7 -- 
28 2 2 1 -- 8 8 
34 1 1 1 2 13 11 
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TABLE A3 (a) Colony counts for revertants, after different hours of 


exposure to buffer and hycanthone at pH 7.0 


EC A 


Condition - Treatment eed) Colony Counts _ 

Time -(hrs) YEPD -his -thr -lys 

Buffer 0 968 221 a 82 
pH 7.0 

7. 1141 vee # 81 

18 857 Deo 8 88 

24 1020 228 > 60 

2 984 218 6 81 

30 LOLS 150 5 3) 

33 1065 “194 5 TS 

55 938 14 4 78 

Hycanthone 0 1047 2oy 4 81 
pH 7.0 

i OR? O52 52 104 

18 522 2070 87 O9 

24 467 L730 50 qo 

ZF 376 1400* 52 65 

30 302 1400* 43 52 

55 247 1390" a9) Ue 

55 92 540 16 34 

Be pee 5 2 i 


*Counted at a dilution of ro; 
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TABLE: A3 (Cont'd) 
(b) Reversion frequencies (x 10°) for hisI-7 revertants induced 


by hycanthone at pH 7.0 after different hours of exposure 


a a FR ER TE RE A A RE A A = NN I Yr 


Treatment 

time (hrs) pH 7.0 hycanthone -control 
0 Zoe 2ea0 -- 
if eels oS 7.84 
18 Zoo Sa Ie 57,14 
24 eee 37.05 54,81 
27. Ze2e Si s20 S5neL 
30 1.48 46. 36 44.88 
5S Ves2 56.728 54.46 
55 0.149 58.70 58.55 
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(c) Reversion frequencies (x 106) for hom3-I0 revertants induced 


by hycanthone at pH 7.0 after different hours of exposure 


0 O2072 0.038 ~~ 

7 O07 O35. 0.518 
18 0.093 1.667 1.574 
24 0.049 LoL7s 129 
oa 0.061 L3c0 eos 
30 0.050 1.424 1.374 
53 0.047 1.174 URS EAA 
55 0.043 IA ee) 1.696 
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d) Reversion frequencies (x 10°) for ZysI-~I revertants induced 
q y 


Treatment 
.,time (hrs) 


(e) 


Condition 


Buffer 
pH 7.0 


by hycanthone at pH 7.0 after different hours of exposure 


hycanthone 


W WwW EF S| SS SS 


1 i er en er 


-control 


ne eee 


Colony counts for revertants after different -hours of 


exposure to butfer and hycanthone at pH’ 7.0 


Treatment 
Time (hrs) 


20 


867 
O25 
1028 
943 
998 
918 
O2e 


Coiony Counts 
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TABLE A3 (e) (Cont'd) 


A NR EET ORE RE OO ang Om No re 


Condition Treatment Toes a COLONY COURES i) it). 
Time (hrs) YEDP -his -thr ~lys locus 
Hycanthone 0 844 104 4 Zot 0 
elie 6.5 895 247 15 253 1 
16.5 786 888 38 209 7 
18 675 1047 44 207 5 
20 Hs 1066 46 166 
23 497 1306 61 128 3 
29.49 S55 1064 81 80 Z, 
30.5 244 908 46 56 5 
51 56 74 6 21 0 
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(f) ‘Reversion frequencies (x 10°) for htsl-7 revertants induced 


by hycanthone at pH 7.0 after different hours of exposure 


ae 


Treatment Buffer Hycanthone 

time (hrs) pH:7.0 > pie 7ad -control 
0 1.142 ie te 0.035 
6.5 0.919 2.780. 1.861 
16e5 0.885 11.298 10,413 
18 0.880 Toe okt 14.831 
20 On F712 211029 Ze S57, 
20 1035 26.278 25.243 
Zoe 0.809 30.142 ip ES 
50RD 1.096 Sree DOr hy, 
St Ge 13.214 12 2358 
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TABLE. A3 (Cont'd) 
(g) Reversion frequencies (x 10°) for hom3-10 revertants induced 


by hycanthone at pil 7.0 after different hours of exposure 
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(i) Colony counts for revertants after different hours of 
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TABLE A3 (Cont'd) 
(j) Reversion frequency (x 106) for higi-7 revertants induced 
by hycanthone at pH 7.0 after different hours of exposure 


— 


en 


Treatment Buffer Hycanthone 

time (hrs) DH A720 Die. -control 
0 1.475 | Dae io) -- 
12 1.365 9.175 7 O1d 
18 eel 225999 ZAT ee 
22 i059 29,078 28.018 
24 1.255 30.716 29.481 
A8 1.142 16,556 15.194 
66 ee Zla2 do 21 4039 
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(k) Reversion frequency. (x 106) for hom3-10 revertants induced 


by hycanthone at pH 7.0 after different hours of exposure 
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(1) Reversion frequency (x 10°) for Zysl-1 revertants induced 


by hycanthone at pH 7.0 after different hours of exposure 
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Coleny counts of revertants after treatment for different 


times with hycanthone at 0,125 mg/ml, IA-4 at Pas) 


and buffer pH 5.9 
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TABLE A7 Colony counts of revertants after treatment with hycanthone 
at 0.125 mg/ml, IA-4 at 0.5 mg/ml, buffer at pH 5.9, and 


after washing four times (Exp. I) 
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TABLE AS Colony counts of revertants after treatment with hycanthone 
at 0.125 mg/ml, IA-4 at 0.5 mg/ml and buffer pH 5.9 and 


after washing four times 
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Condition Treatment Colony Counts hte ere 
time (hrs) YEPD -his -thr -lys 
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TABLE AQ (a) 


Hycanthone 

ng/ml 
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Colony counts of revertants after treatment with various 


concentrations of hycanthone for eight hours 
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Survival and reversion frequencies after treatment with 


various concentrations of hycanthone for eight hours 
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TABLE A1O (a) Colony counts of revertants after treatment with various 


concentrations of hycanthone at pH 7.0 for 12 hours 


i a Ne PO ne 


Hycanthone Dt ee enV CC Ouie es a be trio . 
mg/m} YEPD -his -thr -lys locus 
0 1411 148 D 88 3 
0.031 1388 PVG 6 106 0 
0.062 L237 390 5 102 2 
0,125 bi 841 40 142 5 
0.250 996 1388 68 125 4 
0.50 834 1564 Die 96 6 
1.00 595 1004 42 49 2 
24.00 Zieh 305 V1 19 1 
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TABLE AlO (b) Survival and reversion frequencies after treatment with 


various concentrations of hycanthone for 12 hours 
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TABLE All (a) Colony counts and survival and reversion frequencies, 
calculated after treatment with buffer, pH 7.6, under 


conditions of darkness 


Treatment : Vins Colony Counts ve 

time (hrs) YEPD -his -thr -lys 
0 1540 473 6 213 
5.5 1404 449 6 186 
9 1399 477 4 167 
14.5 1393 486 : 201 
17 isi 520 2 208 
22 1472 aL 3 233 
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TABLE All (c) Colony counts, survival, and reversion frequencies after 


different hours of treatment with hycanthone under 


conditions of darkness 


Treatment 
. time (hrs) 
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TABLE All (e) Colony counts, survivals, and reversion frequencies after 


treatment with buffer, pH 7.0, in room lighting 


rt re a ncaa ree a | eNO RT A ee 


Treatment . hey i 3) Colony Counts, os. 

_ time. (hrs) YEPD ~his -thr -lys 
0 1354 549 5 202 

Dre 1348 514 2 184 

9 1412 492 4 192 

Ta. 5 1321 460 12 187 

17 1369 524 11 ae oe 

we 1419 570 8 185 

34 1318 500 5 186 
54.5 1062 447 4 189 
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TABLE All (f) 


Treatment i Sava i bal Reversion ete Ee.. 
time (hrs) % of hisl-7 homé-10 lysl-1 
control (x 10°) (x 107) (x 10°) 
0 100 4.08 ake 1250 
Br 100.2 SOL .184 1B 6 
9 105 3.48 <200 56 
145/95 O82 3.48 -908 1.42 
es 106.8 Rs . 804 1,59 
22 10545 4.02 564 P00 
34 997.0 RAS, eot9 1,41 
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TABLE All (g) Colony counts, survival, and reversion frequencies after 


treatment with hycanthone for different hours, in room 


lighting 
Treatment eet. __Colony Counts her B 
2Game ars} YEPD ~his -thr ~lys 
0 1369 537 7 201 
5.5 1226 889 ME 203 
3 988 1144 48 189 
14.5 972 1432 64 132 
LZ (Ps 1588 66 108 
20 588 1580 Le 109 
34 L922 10406 Us 52 
54.5 38 68 4 25 
TABLE All (h) 
Treatment Survival neers noe 
time (hrs) % of hisl-7 ~ ———«STHhaom8~-10 “lysi-1 
control (x 108) (167) (x 10°) 
0 101.8 ose 0.45 1.47 
555 Les Tes Soe 1.66 
3 Lacs Pos 4.86 f ppec 
14.5 T2ee 14.73 6.58 Tra 
L7 5239 222 00 Ora i 
20 43.7 26.87 FS.20 pie 
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TABLE All (1) Colony counts, survival, and reversion frequencies after 
treatment with buffer pH 7.0 for different hours, in 


bright lighting 


Oe A A A RE 


Oe rN A 


Treatment wen Colony Counts Ss ea 
mecame. (hrs) YEPD -his -thr -lys 
0 1419 477 6 190 
5.5 1367 486 9 203 
a 15.59 486 2 203 
14.5 1230 501 Bs 190 
Ev, 1332 543 8 205 
Ze 1228 482 4 200 
34 1357 456 Z 167 
54.5 1267 516 5 176 
TABLE All Gj) 
ened Survival Reversion Frequencies 
time (hrs) % of hisil-? - homd-10 etn \ tera 
control (x 10°) (x 107) (x 10°) 
0 100 3, 56 0.42 1.34 
5.9 96.3 3.56 0.66 1.49 
9 108.5 3.16 0213 Loz 
14,5 86.7 4,07 0.24 15 
17 95,9 4.07 0.60 Lb. S2 
22 86.5 S208 0.33 1.63 
34 9550 3258 O7LS 1.25 


54.5 8955 4.07 0.40 1.159 
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TABLE All (k) Colony counts, survival, and reversion frequencies after 


different hours of treatment with hycanthone in bright 


lighting 
Sentient ey rcotony, Count Thediak 
_ ourme =(Chrs) YEPD -his -thr -lys 
0 1399 484 6 182 
5.5 1197 849 4S 163 
9 1010 1282 65 166 
14.5 578 1610 73 123 
17 449 1588 82 114 
22 431 Dii4s2 74 108 
34 wy 278 6 2 
54.5 49 178 3 23 
TABLE All (1) 
Treatment | Survival Reversion Frequencies | ; 
time (hrs) % of hisl-7  —~<Cts«<aCMB- 11 CO piesa 
control (x 10°) (x 107) (x 10°) 
0 98.6 3.46 0.43 1.30 
5.5 84.4 7uQ9 3.76 Le 36 
9 Plea 12 369 6.44 1.64 
14.5 40.7 27.86 177.035 Zl 
17 5256 SD: si57 18.26 2.54 
22 30.4 34.39 L72t7 Die fb 
34 530 39.16 AZ. 25 28 
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TABLE Al2 Colony counts, survival, and reversion frequencies after 


(a & b) gamma-ray treatment 

Dose Colony Counts : 

(Krad) YERD ~his -thr -lys locus 
0 12489 2014 68 859 o 
4.3 6788 1972 268 1014 ro] 
3.2 3372 6824 167 553 114 
16.4 922 2899 117 289 58 
24.6 4i1 15135 O3 133 45 
52.8 437 1762 . a5 160 56 
Dose Survival Reversion Frequencies _ 

(Krad) % of hisl-7 homs-10 Lysi-1 tysi-I locus 

control (x 10°) (x 107) (x 10°) (x 108) 

0 100 161 0.54 0.69 1.20 

4.1 Ares Leena 5 1.49 28.13 

8.2 27.0 20.24 4.95 1.64 33.81 
16.4 7.4 31.44 12509 3.14 62591 
24.6 3,9 50781 22505 3.24 109.49 
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TABLE Al3 (a) 


arginine (Exp. I) 

Concentration Number of Survival Number of 
Hycanthone Colonies % of Prototrophs 
~ mg/ml on YEPD control on -Arg 

0 1212 L100 208 
0.031 4169 96.5 201 
0.062 1127 93:0 215 
0.125 1170 96.5 217, 
0.250 1035 85.4 390 
0.50 1018 84.0 466 
1.00 G2 58.8 367 
2.00 388 S25 0 202 


TABLE A13 (b) 
‘ 


Concentration 


scored) (Exp. 1) 


ee re ae 


Number of Number of 

Hycanthone Colonies TEdLSeCLOTS 

mg/ml on YEPD and colonies 
0 1212 5 
0,031 1169 6 
0.062 1b27 5 
O2125 1170 6 
0.250 1035 13 
0.50 1018 13 
1.00 72 10 
2.00 388 5 
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Frequency of red variant colonies among total colonies 


Frequency of 
red variants 
(x 103) 
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TABLE Al3 (c) 


— 


Concentration 
Hycanthone 
mg/ml 


TABLE A13 (d) 


Concentration 
Hycanthone 
mg/ml 
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Frequency of revertant cells from a requirement for 
areinine: (Exp, LL) 


NS 


Number of Survival Number of 
Colonies % of Prototrophs Revertants 
on YEPD control on -Arg (er 10.0) 
1136 100 251 2.03 
1134 100 208 Leos 
1136 100 213 2.40 
LZi7 Bball 51g 2 OZ 
1067 94.0 407 Oe OL 
988 37.0 505 Sard 
818 TZ 440 De 
459 40.4 25:1 5.47 
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Frequency of red variant colonies among total colonies 


scored’ (Exp. IT) 


a 


Number of Number of Frequency of 


Colonies red sectors red variants 

on YEPD and colonies (x 103) 
1136 1 0.88 
1134 tes 6 
1136 4 Sane 
S217 10 Bae 
1067 8 He 30 
988 11 i ile 
818 Lae 15,89 
459 9 19.61 
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TABLE Al4 (a) Frequency of revertant cells from a requirement for 


arginine 


tn a er i a A A SR ee 8 ge 


Dose Colony Count 
_ (Krad) ERD 
0 4171 
4.1 4154 
8.2 S519 
16.4 2861 
24.6 2207 
S208 1651 
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Survival 


fe) 
% 


control 
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Die 


Sil 


Number of 


prototrophs 

on -Arg Frequency -control 
O57 2.29 -- 
1957. 4.71 2.42 
OSS A 5.84 Bypo ods) 
2550 | B01 6.62 
2259 10515 7.85 
2256 P5567, UR GW 


TABLE Al4 (b) Frequency of red variant colonies among total colonies 


32.8 pl Gor 


scored 

Dose Colony Counts 
(Krad) YEPD 

0 4171 

4.1 4154 

OZ 3819 

16.4 2861 

24.6 2207 


SS ooo 


Number of red 
variant colonies 


Frequency of 
red variants 


Ree a EN) Sas 
18 4,32 
82 19.73 
100 26.18 
106 37.05 
117 53.01 
83 50.27 
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